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I
ON THE USE OF FR AMED V24 OWLEDC E TN I.AN CUACE COMPRE HEt I S ION

Eugene Cha r n i ak

• Yale Univ rsity

Depa r tm ent  of Computer Science

R u n n i n g  tit 1e~ ON THE USE OF FRAME D KNOWLEDCE

ABSTRACT

Not i ons  l ik e  “ frames ” , “ s c r i p t s ” ( t c  • nr .  now be i ng  used n pr ogrru l s to

unde rstand connected discourse . We vi l~ d s c~~ibr a progr’m in th is  vein w h i c h

unders tands  simp le s tor ies  about p a i n t i n g . (Jack was p a i n t i n g  a c ha ir .  He

di pped a b rush in to  some pa i n t .  Q: Why ?) In pa r t c u l ar , problems of matc h ~ ng .

read time in fe renc e , and und o i n g  false conclusions  v i ii  be stressed . The

program makes heavy use of real world knowledge , and there is an extens ive

discussion of var ious  Issues in knowl edge rcpr& sentatlon and how they affect

frame representations’ modularity, the nced fot problem sot vlng , wor~diy vs

control knowledge , and cleanl yness. The pape r concludes wi th an extensive

discussion of the program ’s shortcomm!nps .

1. INTRODUCTION

Much r e c en t  work In a r t i f l e L - ’] t n t e i H ge nce sees l .- npuage comprehensIon as

a procesn of relati n g lt n p u.ige t4rrlved 1nfo~m~ t f on to previously stored chunks

of Rte r ( ot  yped l ’nowl s d r ’ , v~ r i~~ut. I y i t i l lcd “ t’r~ mc’s” (Mi n sky ( 1 ) ) .  “ s c rIp t s ”

(S~ hnnk tind Abe l son 12 ) ) .  “tin t t s ” (Bobr ow and Winograd ( 3 ) ) ,  “ckpi c t ions ” (Hayes

(4)), “common sense algorithms ” (Rleger [5)). etc . This pope~ will describe a

— — _ — --••-— — — .— —
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P-age 2

comput er  p rogram , M s. Malapr op , wL~ ch is so’id’y within this “tradi t ion ” ~n

tha t  it  uses a “ f r amed”  knowled ge of mundan e  p a i n t i n g  to answe r ques t ions  ab out

simple texts such as: “Jack was pa~nrin~ a c ha i r .  He di pped a brush in t o  some

paint. Q: Wh y ?”

The paper will try to operate on two l c’vcis. On one hand 1 want to give a
I

clear  exp l a n a t i o n  of 110w Ms.  Ma l apr op  works .  On the other  I w i l l  emph a s i z e

c e r t a i n  4de a s  about  knowled ge r ep r e s en r n t ~~on.  W i t h  r egard  to the  former we hav€

the fo l lo% . iing  ma jo r  po 1nts~

Frame comprehension h y p o t he s i s .  Most systems which  use f r am e s to

unders tand assume what I s h a l l  c a l l  the  “ f r~ me c’olnpr ( .hension h ypo thesi s ” . Th i s

has i t  tha t  a major  p a r t  of unders t~ nd 1ng is the m at c h i n g  of incoming s tory

In f o r mat i o n  agains t  the framed knowledge of what  normal l y occurs .  So , f o r

example:

Jack was going to paint a chair. He washed it .

0: Wh y ? A:  One should clean things one is going to paint .

(Let  me note here t h a t  t h i s , as wel l as al l  other  “pa in t ing ” exampl es are

handled by the current version of Ms. Malaprop . However , the input is not

English , but rather a “semantic representation ” to be described later.) Ms.
I

Malaprop understands this examp le because she has stored the f a c t  t h a t  one

typ ica l l y c leans  ob jec t s  b c f o re~ p a i n t i n g  them . and the second sentence wiJ l

match this portion of the description of the painting a c t .

Mn u ’h ln& .  The purpose of t t ’r t c l t i n g  I c  t o  i d e n t i f y th e prototypical evenf

ci i,d~~I ~o by : n  oi ’cu renc’~’ in  the  story . In general th i s  m at c h in g  can he q u i t e

comp lex , and inv o lv es  issue s of t i m e .  how cl o s e  the story event Is to the

_______ __________  
p

— — — 

.
~~ 

~
. ~ jj ;,. 

-‘ —~~ 
, 

~~~~~~~~~~~~~~~~~~~~~~ 11A11 ,~~~~~~~~~ - -4



prototypical even t in terms of objects used , t c .  So , for -xamp ie:

Jack was going to p a i n t  a c h a ir .  He dippe d a b rush  In t o  the pai nt .

Q: Wh y? A: To get p a i n t  on i t .

In order to make the match h ere  Ms . M a l ap r o p  mus t i d e n t i f y “ a brush”  w it h  the

inst rumen t of p a i n t i n g.  Because brushes  ar e  n o r m a l l y used t h i s  way the

i d e n ti f i cat i o n  is made and the m a t c h  is  a u c c c s s fu l .  If we had said “He d i pped

f i n g e r  i n t o  the p a i n t ” t h i s  woul d not  l’av been the  case .

Read t i m e  in f e r e n c e .  Ms.  t’a ] a p r o p  m al :c t  m any I n f e ren c e s  wh l l  r e a d i n g .

I t  is necessary to cont ro l  such i n f e r en c e s  t i g h t l y,  s i n c e  in  p r i n c i p l e t h e n  is

no l i m i t  on how many could be ma de .  After we d i st i n g u i s h  b tween ab d u c t i v e  (or

“exp la in it o r y ”) and deduc t ive  Inferences , of which Ms. l i al ap rop  o n l y  doe s t he

l a t t e r , the program recognizes the need for three kinds of deductiv* inferenc€ s’

a)  when a c o n t r a d i c t i o n  I s  no t i ced , b) when a f r am e  e x p e c t a t i o n  is  confounded .

and c)  when the Input Imp les  a s tat e  or event w h i c h  is Important for the

a c t i v i t i e s  discussed In  the s t o r y.

Undoing ~~ ong c o n c l u s I o ns .  A sys tem wh ich  m a l e s  i n f er e n c e s  w h i le  r e a d in g

w i l l  i n v a r iab ly  make some fa l se ones .  Shou ld  Ms. Ma lap rop  l a t e r  d i sc over t h a t

a p a r t ic u l a r  conclus ion  is wrong she w i l l  co r rec t  i t , as w e l l  as anything which

might  have been der i v e d  f rom i t .  So . f or  examp le :

Jack finished painting , He d i d  not clean the brush .

Q: What happened ? A : The bru sh t  b ’c amc un , ib sorbent .

He l e f t  the brush in I-lie pa int

D id  t h e  b rush  becom e t ,n nhs orh cn t ?  A:  No

Q: Wh y itot? A Ee~ uutu ’ the p ;iint does not dry on the brush .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _   —p
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Page 4

Note  t h a t  In  t h i s  ex amp le  t h (  .s( ond ! in r  m a t i hes th e  n e g a t i o n  of our f r :~me

expectatIon that the instrumen t will b. c l eaned . Matching a s ta temen t aga~ nst

i t s  negation Is non standard from a logicrl point of view , but seems to bc

i m p o r t an t  in l a n g uag e  c o r n p n ’h i e n s i o n  ( e f .  t ’ i I h s  [ 6 ] ) .

As m e n t i o n e d  db ovl - , t h e  wo r l ’ing s  of M s .  M a l ap r o p  is  onl y one of my

concerns here. Ms. ~alaprop was I n i t i a l l y desi gned to  exe rc i se  a knowled ge

r e p r e s e n t a t i o n  scheme w h i c h  I h at ” pr v i ou s l y developed ( 7 ) .  As such , w h i l e  the

work ings  of the program are of in t er c st  i n  t h e i r  own r i g h t .  I tend to v iew the

program as I l l u s t r a tin g  (-er ’ a f n  p r o h i *m s  and t heo r i e s  In the doma in of knowl edg e

r e p r e s e n t a tio n .  Hence , w h i l e  d e s c r i b i n g  the  program I w i l l  he mak in g cons tan t

reference to a set of issues which have been of concern to me in the development

of the knowledge represen tation used here . In particular’

M o d u l a r i t y .  To avoid r epea t ing  the same knowledge in  several d i f f e r e n t

“ f r am es ” it  is necessa ry  to m o d u l a r i z e  t h e  knowled ge used .  So. fo r  examp l i.  the

no t ion  of “ evapo r a t i o n ” comes up o f t e n  In  t h e  pa i n t i n g  d o m a i n ,  as wel l  an in

many other domains. If each time we necded some knowl edge about evaporation (as

in “why should one wash the brush afterwards ”, or “wh y c lose  the  p a in t  c;~n whin

done”) we would find ourselves stating the same facts many times over In our

representation . It would clearl y be better (ceterus approximately paribus) to

‘ state this knowledge once , and have other frames use it when needed . Yet the

t rad i t iona l  “ f rame ” notion of comprehension has it tha t we b r ing  in one “chunk”

of knowledge In order to understand a certain stereotyped situation . We must ,

in other words , harmonize this idea with the opposite one of inodularhy.

I
W o r l d Jy  vs.  c o n t r o l  ~nowh ’dge . It  Is generall y recognized that facts

w i t h o u t  knowledge of how to USC them l ead to comblnotorial death. This inspired

the PLANNER—like l anguages (liki tha t of h ewItt (8]). where knowledge and 

—p
_ _ _ _  -— 
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use—knowledge were bound together in t h e  form of programs . The t r o u b l e  w i t h

t h i s  approach  is tha t i t  does not  a l l e w  f o r  the most genera l  use of the

knowl ed ge , and also makes a d d l t i v i t - y d i f f i c u l ? .  Hence Ms. M a lap r op  s epa ra t e s

f a c t s  about the wor ld  f rom knowledge about how the  f a c t s  a re  to be used . Th i s

separation is not as complete as that demanded by Kowe l ski [9) however.

Cleanliness. My goal in designing Ms. tliilaprop was to make the knowled ge

r ep resen t a fon  as c lean as poss ib le .  This can be defended on “phIlosop hic al ”

grounds in that good theories are clian theories. However , at a more pragmatic

level the  d i r t i e r  the r e p r e s e n t a t i o n  the  ha rde r  I t  w i I 1  be to w r i t e  p rogr ams

which  use It .  So the  f rames  arc p r e c i s e l y  d e f i ne d  as having certa ’n components ,

each of wh ich  have a c e r t a i n  si g n i f i c a n c e , etc . One particul ar effort it

cleanlyness Is an a lmos t  comp l e t e  ban on “p rocedura l  embeddIng ” [ 3] .

Problem solving . Probably the major objection to “frames” has been from

those who see human behavior  as too diverse to make stereotyped knowledge of

much use . While  I doub t that  there is rea l l y any a l t e r n a t i v e  to the sort of

f r ames  presented here , I am su f fi c ien t l y  impressed by th i s  ob jec t ion  to want  my

f rames  to be compat ib le  with the problem so lv ing  procedures  w h i c h  must surel y

accompany them .

Sec tion  2 p r e sen t s  a re-view of t h e  r e p r r s en t n t  ion . The fac tua l m a t e r I a l  4 n

this section w Ill h. fami l jar to these  who have read “Framed PA INTING” ( 7 )

although the justif ication of the  r ep r e sen t at i on  in terms of the abov e goals is

new. S e c t I o n  3 o u t l In e s  the  probr am . w h i l e  4 and 5 descr ibe  m a t c h i n g  and r ead

t i m e  in f e ren r  In more d e t a I l .  Se c t i o n  6 is an extended examp le. F i na l ly .

SectIon 7 descr ibes  h l m i t , i t l n n s  of bo th  the  program end the  represen ta t ion.

I 
— 
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Pag 6

2. THE FRAMED PAINTINC REPRESENTATION

2.1 The Basic Representation.

As may have become apparent from the examples I have used , I am primaril y

concerned with “how to do it ” knowledge . I am not interested in including in my

representation of mundan painting the fact that “the fastest time for painting

a 10 by 20 ft. wall was .. .“ %~ith this in mind it Is natural to see the frame

as a series of instructions of the form , “first do this , then do.. .“ So we mig ht

have:

(PAINTING (COMPLEX—EVENT) ;Anythfng following a “ ; “ ~s a
;comm ent

COAL: pAINTING—GOAL ;Normall y painting is done to
(PAINT coa ts OBJECT) ;accom pl’sh this goal .

EVENT: PAINTING1 (OBJECT is clean) ;The EVENT section describes how
PAINTING2 ;to paint In more detail.
(PAPER around OBJECT)

PA INT IN G3
(LOOP
PA INTINC4 ;Things like PS&INTINC3 are the
(PAINT on INSTRUMENT) ;namcs of the individua l state—

PAINTING S ;m”nts (here expressed in sc&

(INSTRUM ENT In c n n t ;u t ;Engiish).
with OBJECT) )

PAINTING S ;The arrows , of course , m d i—
(PAINT no longer on ;ca te time ordering .

INST RUME N T ) )

The English—like statements wil l  eventuall y be replaced by formalism , but we can

already see one tendency which will continue throughout the paper. All of the

statements express states to be ach ieved , rather than actions to be performed .

This Is a reflict inn of t h e  fart that 1 want these frames to be compat ible wi th

p r . ’ b h n u ~~‘l v 1 n g  p rocedures .  and in  m ost goal o r i en ted  a ct iv i t c s  we ar e

) Interrst ’d In some end st .iti’ rather th an t h e  exact  way i t  Is  achieved . So. fo r

- - . - :1: .. . ~~~~~ ~~~~~~~ - ~ ~~ 

- 
.~.



Pag e 7

examp l e , if the OBJECT Is alread y cl ean , then it is not necessary to clean it

again . Hence the command is “achieve (OBJECT is clean)” rather than “(clean the

OBJECT)” . However , s i n c e  every s t a t e  in  t he  f r a m e  is  to be achieved , the

“a c h i e v e ” , is  l e f t  imp l i c i t , an d onl y t I e  d e S I r e d  s tat e  is i n dic a t e d .

The f r a m e  as g i v e n  Is  u s a b le  f o r  b o t h  rollers and brushes and hence the

neutral term INSTR UMENT has been used . (Note however that it is not good for

spray  guns , a problem which w i l l  not b( considered here.) Clearl y in one story

INSTR UM ENT will be one kind of object , while In a second it w i l l  be something

else . That is to say tha t IN STRUMENT (and PAINT, and AGENT et c.) must be a

va r iab le .  On the other hand the re  are r e s t r i c t i o n s  on wha t  so r t s  of t h i n gs  can

be bound to these variables . This information will be Included as follovs

(PAINTiNG (COMPLEX-EVENT )
VAP.S: (ACENT (ANIMATE AGENT)) ;The agent must be animate , the

(OBJECT (SOLID OBJECT))  ;obj ec t , so l id , the  p a i n t  l i qu id .
(PA INT (LIQUID PA iNT )
NORMAL : (PAINT PAINT)) ;Normall y the liquid used in

(INSTRUMENT ; pa in t in g  is p a i n t .
(SOLID INSTRUMENT )
NORMAL : ;Nortnall y the instrument is either
PAINTING—BRUSH ;a paint brush or a roller , and
(PAINT—BRUSH INSTRUMENT) ;absorbent. Note that two of the

PAINTING—ROLLER ;statenients are named (e.g.,

(ROLLER INSTRUM E NT ) ;PAINTINC.-BRUSII). A statement Is
(ABSORBANT INSTRUMENT) ) ;gIven a name if one need s to refer

;to It elsewhere.

(Throug hout the pa per we will add pieces to PAINTING . A v e r s io n  w h I c h  includei .

everything mention ed in the paper is found in t he  appendix .) Intuitivel y the

distin c t i on b etween the’ absolute rest riclons (thosç which are given first) and

the normal rr’Htrict Ions Is that th e ’ former mu st be true’ of anything bound to the

v ar iab le , wh ile th e latt e r are more l i k e  defaults. The distinction in terms of

pto ( (snes wil l bc given in the section on matching (3).
1
.1 
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Note tha t I have rep laced the informa~ English with a t~~ 1caI “seman t ic

represen ta t ion” cons is t ing  of a p r e d i c a t e  (e .g . PAINT—BRUSH) plus arguments

(e.g., INSTRUMENT). We shall see later tha t PAINT—BRUSH , and Ind ee d a l l

pr edicates , are themselves f rames , but  this need not concern us here.

2.2  The COMES-FROM L i n k

PAINTTNC as given above e x p l i c a t e s  the  action In so far as it breaks ft

down Into simpler problems . However it does not go nearly far enough In this

dir ection . For exampl e , while It says to get paint on the instrumen t , ft does

not indicate how this should be done . Yet you and I know that immersing the

instrtmien t in the paint is typical , while pouring the paint over the instrument

is not. Or again , the objec t to be painted Is cleaned by washing, no t by,  say ,

dry clean ing . We will indicate such information with “COMES—FROM links ” on the

affected statements , as in:

PA INTING I (OBJECT is clean)
COMES-FROM : ((WASH—GOAL))

In effect we are saying here that the goal (OBJECT is clean) comes about by (or

COMES—FROM) using the WASI) frame to establish its normal goal. That is, we wil l

have In WASH:

(WASH (COMPLEX-EVENT)
VARS :
COAL: WASH—COAL (WASH-O BJECT Is clean)

WASH—COAl. hero (a simp l y the nam e of thu’ statemen t (WASH—OBJECT is clean) end as

~utcIu I~ simp l y on arbitr ary symbol.

- 
,
.
, 
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I might  note  tha t h a v i n g  one’ f r am e  know the  names of s t a t emen t s  in another

will eppcar to many (myself included ) as a blow to additivity . In section 7 I

will discuss the possibility of doing away with this “feature”.

To take the other examp le , af ter finishing the main loop, but before

clean ing the instrumen t , we want to keep the pa int on the Instrumen t away from

the air. This Is done by leaving the instrumen t in the paint .

PAINTINC7 (NOT (ATMOSPHERE-CONTACT SOME-PAINT))
COMES—FRO?’P ((LIQUID—1N4))

Note that SOME—PAINT here is just another variable, and is defined as being part

S of PAINT. In particular the program has no theory of quantification which would

allow It to handle “some” In a general way.

(LIQUID-IN (STATE)
VARS :
RELATIONS :
(LIQUTD—1N3 (LIQUID—IN OBJECT LIQUID) ;If an object is In a liquid
IMPLIES ;then it will not be exposed

LIQUID-1N4 (NOT (ATMOSPHERE—CONTACT OBJECT));to the atmosphere.
. . . )

What this s tat es  Is t h a t  i f  we wish to keep the paint on the instrument away

from the sir , one way to do it is to have it (the paint on the instrument) in a

liquid . Note that while this Is on t h e  rig h t track , it Is not exactly what we

want , which is more or on the’ order of “put the instrument into the paint ”. We

will return to this point momentarily. (The reader may also have noted tha t

LIQUID—IN is rather different than PAINTING. Indeed it Is, and as we shal l see,

STATE and COMPLEX—EVENT are two of five different kinds of frames in the system ,

but more on thi s Inter.)

- 

— 
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A restr Iction placed en the representnt~ on is tha t anyt ime we ha”c

A COMES—FROM : ((B)), It mus t be the case that A ntoteh s B in the simple mInded

pattern matching sense of the term (e.g. compare PAINTING7 and LIOUIP—IN~ f r o m

the last examp l e ) .  T h i s  lnnures that we have not “hidd en” any information

“inside ” the COMES-FROM link . So the cau s a l  i n f o r m a t i o n  l inking LIQUID-IN to

ATMOSPHERE—CONTACT is expressed in .i separate rule , and Is not expressed

directly by the COMES-FROM l ink. The la tter onl y Indicate’s where’ the

appropriate information is to he found . By using the (‘ONES—FROM l ink in this

way we are serving the cause of pr~ hlem solvJ np (in tha t we give standard

methods for doing things when they are known ) as well as modul arity (in that the

information about non—painting topics like WASH or LIQUID—IN will be expressed

in frames of the i r  own where they ca n be acc essed by one and all).

We noted earlier that our LIQUID- IN rule was not exactly what we wanted .

In fact , the LIQUID—IN rule is fine , but rather than tellIng us to immerse

SOME—PAINT , ‘e rather wan t it to suggest immersing INSTRUMENT. There is , of

cours e , a close connection between the se two po ssib il it 4 es , since SOME—PAINT Is

on the exterior of INSTRU tIFI’ IT. T hi s  connection is exprissed th the fo1lowing

rule

(ATMOSPHERE-CONTACT (STATE)
VARS :
RELATIONS :

(AND A’l1’IOSPIIFRF—CONTACT3 (EXTERIOR EXT OBJ) ;The exterior of
ATMOSPHERF.—CONTACT4 (ATMOSPHERE—CONTACT OBJ));an object is ex-

1FF ;posed te the rir
ATM OSPNE RE—CONT ACT5 (ATMOSPHERE-CONTACT E Y T ) )  ; i f  the ‘ej ec t I s .

What we need to do Is Interpose this rul e between PAINTINC7 and LIQUID-1N4.

- That Is , since PA TMT1NC7 m rteli ’t, ATM OSPHE RF—CO NTACT5 , to pr event exporure of

sour -PA t N T , we o n l y  need to prevent ATMOSPHERF—CONTACT4, which we can do b y

immersing INSTHUMFNT (~ ‘ in  11 (~U1 U- I N 6 ~ . Wi’ expr i  as t h i s  I n  PAINTIN G as fol  lows •

.. J, 

_ _ _ _ _ _ _ _ _

s— , ‘~~~~ 
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PAINTINC7 (NOT (ATMOSPHERE—CONTACT SCMF—PAINT))
;t Jn t i  I the  I n s t  rumon  t I s  e loaned , keep the paint on I t  out of the ;i r

C O M E S - F R O M : ( ( A T M O S P h h i ~RE- .CO N T ACTS AmosPnFP.F-c oN -rACT/~)
; T f  we keep INSTRITMFNT out of th~ air then anyth inp
;on It w i l l  he out of th~ air also .

(LIQUID- 1N4 PA I NTIN C7C (LIQUID—IN INSTR UMF}IT PAINT)))

;so keep INSTRU MEN T in the paint.

ilere “(ATMOSPHERE—CONTACTS ATMOSPHERF-~CONTACT4)” Is c~~l led  an “int e rmed i a ry ” In

that It int ermedIates between our In l t ai goal PAINTINC7. and the way we achieve

it , LIQUID—1N4. Note that our matching restriction stil l  hold s , thoug h in a

modified form . PAINTING7 matches ATMOSPIIJIRF- CONTACT5. while ATMOSPHERE-CONTACT/i

matches  L I Q U I D— 1 N 4 .

I have also introduced a new construction above in the form of ~

(LIQUID-1N4 PAINT INC7C (LIQUID--IN INSTRUMENT PAINT)))

The problem Is that if we are to use t h e  rules In LIQUID-IN we must know the

bindings for the variab les in LIQUID—iN- Usuall y Ms. Malaprop can compute

these automaticall y because of the match ing relations . In this case it  is not

possible , since PATNTTNC7 does not Itse 1f state what we a c t m ’ a l l y Immerse , or

what  we shou ld  Imm ers e  i t  in .  To in d i c a t e  these f a c t s  we g ive  a “b inde r ” or

“frame instance ” (In [10) 1 also called these “frame Images”) for the LIQUID-IN

fram e. This  ~s PA INTJNC7C . It st ates that OBJECT In LIQUID-ON should be bound

- to INSTRUM ENT and LIQUTI) to PA IN T .

2. 1 The LF.A DS -TO I In  I’

Mi , i -h nR COME S- FROt-1 a t  lows mis t o  say how a subac t I on  i s  nor ma l  l y

~m i u o l f l p l I shod , t h “ lEADS . TO” 1 ol I ml -
~~ t i - s  “why” an a c t i o n  Is per form ed . For

x;ir~pi i  we want to wash the Instrucen t a f t e r  f i n i s h i n g  because otherwise It

will becom e un~ hsorhent .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _  _ _ _ _ _  _____ --.
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PA J N T I NCP (NOT (BT1C1<Y-ON rov r PA tNT INSTRI J MFNT))
LEADS—TO : ((PAiNT-DRY!))

(PAINT—DRY (SIMPLE--EVENT )
VAR S:
EVENT: (AN 1) ;If there Is paint stick ing

PAINT--DRY! (ST1CEY-ON PAINT OBJECT) ;to an object , and it evap—
PAINT—DRY2 (EVA Po RATION PAINT) ) ;orates ,

CAUSES
(AND ;the’n the paint will become
PAINT-DRY3 (PART—OF PA I NT OBJECT) ;part of the objec t , and the
PAINT-DRY4 (NOT (ABSORBENT OBJECT)));obj ct becomes un~.bsorbent-

(Strictl y spea k L n g , PA INTING? does not match PAINT-DRYI , but rather its

n e g at i o n . This is taken cnrc of by the program w h i c h  r en ds  i n  the f ram e s .  See

se c t i o n  2 . 5  . )  Note  t h a t  i f  we have furth er inform ation about EVA PORATION (as

Ms. Mai ap rop  does) then we can not onl y understand why one washes the p aint

brush , hu t  a l s o  why I t  i s  no t  so cruc ’a l  i f  or,i-’ leaves the brush in i-he pa int.

(No a i r  ge ts  a t  the  brush , pr event ing EVA PORATION , wh Ich in turn prevents

PAINT—DRY.)

As with COMES—FROM , the LEADS-TO pointer hel ps in terms of MODULARITY (the

relevant Information is found in two frames , EVA PORATION and PAINT--DRY) and

problem solving (we are given , in part i cul a r , the information need ed to do the

next examp le).

~l;~ - 1< pa tnt ed cli:’ I r . Pc wit; going t o  t h row t lie b r u s h  out

He did not wash t t

0: Why not- ? A: l ie was going, to throw it out

However th er *-  is an o t h e r  I n t e r e s t i n g  a spec t  t o  the  LEADS—TO l i n k .  If s o met h i n g

goes wrong -In an a c t i o n , or in  a s t o r y  about  an a c t i o n , we mus t  bi nb ’ c to

antici pate what w i l l  o c c u r  h *u - ’i , se  of t h e  m i s t a k e . This came up in an ea r l y

exarnpi ( ~.h ,r ’re ’  someone d i d  not chnn h i t s  b ru sh  when done.  Ms. Melx ’prop v u 1  he

.1
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ab le  to use the LEADS—TO l i n k  to fo l t ow t he  (orsequc-ccts.

There  ar e , of course , o t h e r  ways to accomplish this same end . The SAM

program (Cu ll ing ford [11]) has what are called “interference paths” wi thin

“scr ip ts” (my comp lex iL-vent frames) to describe what mig ht go wrong , and what

4 
happen s as a result. Both are expressed dtrei tl y in the scri pt . From the point

of view taken here , the interfarenci approach has two problems with it. For one

t h i n g  i t t e n d s  to d e f ea t  m o d u l a r i t y .  What  goes wrong when we do not wash the

brush is ex a c t y  w h a t  goes r i g h t  when we l e t  t he  p a i n t  d r y  on the  wal~~. or

whatever  i t  Is t h a t  we p a i n t .  To ex p r ’r s  t h i s  i n f o r m a t I o n  t w i c e  (or  m o r e )  seems

w a s t e f u l

2 .4  Types of Frames

D u r in g  the course of the previous discussion I introduc ed without c omment

several d i f f e r e n t  k ind s of f r ames.  We st a r t e d  wi th PAINTING which I call a

COMPLEX—EVENT frame. But we have also seen SIMPLE-EVENT frames , and STATE

frames .

A COM PLEX--EVENT frame is one li kc PAINTING , where the primary connective

between sub—even t s  i s  t e m p o ra l .  T h at  I s , i t  i s  of t h e  form , f i r s t  do t h i s , then

do t h a t. . . ” In p a r t i c u l a r , n o t e  tha t i n  PAINTING t h e r e  are  no causal  r e l a t i o n s

between the e l e m e n t s  of p a i n t i n g  i t s e l f .  Th i s  I s  yet  a n o t h e r  r e s t r i c ti o n  on the

r e p r e sen t a t i o n-  The Idea  is tha t any time we w i s h  to s t a t e  a cause and e f f e c t

relation it should he expressed in a sep ara t e  f r a m e  s ince  It  should app l y to

more than  jus t the  p a r t i c u la r  s i t ua t i on  g iv e n  In  the  COMPLEX-EVENT frame. In

par t ic ular , it v-ill he e’xprcnsei’ In a SIMPLE- EVENT f r a m e .  SIMPLE-EVE NT S consist

then  of a s i n g h i  cause and e f f e c t  r e l a t i o n .  (Fo r reasons I no l onger b e l4 r v e .

wha t  is i n t u i t i v e l y a s ing h i -  ca u se  and e f f e c t  r e l a t i o n  Is c u r r e n t l y  expressed

1

1

I-
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syn ta ct teal I y as two c :4115,~ and of [ic t r I a lions . I c house  t o  i gnore t h i

complication.) Should we wi sh to state th at Some- action in a COMPLEX- EVENT is

performed because of certain cause and i ffcc- t relations which it enab~ is , th is

can be expressed via a LEADS-TO lini’ between the sub--event In the COMPLEX- EVENT

and the SIMPLE—EVENT. What this restriction does then Is to enforce a certain

type of modularity on the repr esentation.

Another type of frame which we have alread y come across Is the STATE frame .

It describes a state much as an ev nt frame describes an action. Natural l y

there is no activity, but there are relations between the state and other states

and action s, and it is these relations which serve to define the state.

OBJECT frames describe physical objects . They differ from , say. STATE

frames in tha t rather than containing relations to other states they contain a

description of the object along with its typical uses. An example is , the

curren t (and incomp lete) representation of PAINT—BRUSH-

(PAINT—BRUS H (OBJECT)
VARS : (BRUSH)

(BRiSTLES)
(HANDLE )

OESCRIPTION :((SOL1D BRUSh ) ;A Pa i nt brush is a so ’id with
(BRISTLES BRIST lES )) :bristles and a handle. I do
(PART--O F BRISTLES BRUSH) ;not currentl y have a frame for
(SOLID HANDLE ) ;HANDLE , so its properties (SOLID)
(PART—OF HANDLE BRUSH)) ;are given hero.

LEADS—TO: ((PAINTINC--BRUSI l)) ) ; T y pice l l y used in PAINTING.

This should hi- r easonab le  c lear  save fo r  the la s t  l i n e , wh ich Indicates the

typic al uisi’ for paint brushes. It does so by poIn ting to the line in PA INTING

which states that normall y one uses a paint brush to paint (PAINTING—BRUSH).

------—-~ •— — — 
.
-
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The rema ining frame type is the ADJu NCT frame . I stated i , r h i t r  that

PA INTING is uncommi t t ed  as to the  type of i n ~~t r u m c n t .  But t h i s  by itself is

i n s u f f i c i e n t.  A f t e r  a l l , we do have speciali zed knowledge about , say, how to

use a roller . If PAINTING its neutral , it cannot go there , so we need a second

f r am e, ROLLER—PAINTING , for this inform ation. Yet if we are to reta 4n

modularity, we do not want to have to repeat all of PAINTING in POLLER—PAINTING.

It would be better simp ly to say that ROLLEP-PAINTINC is just like PAINTING

except for the followi ng differences . So the EVENT sectIon consIsts of

r e f e r e n ce  t o  PAINTING — modification pairs , each pair separated by a “ :“

(ROLLER—PAINTING (ADJUNCT)
VARS : (INSTRUM E NT ROLLE R—PA TNTINCC . ;The Instrument must be a

(ROLLER INSTRUMENT)) ;roll cr.
(TRAY (ROLLER-TRAY TPAY))

MASTER : PAINTING ;We arc’ modif ying PA INT ING
EVENT: (DURING PAINTINC3 ROLLER—PAINTINCI) ;Dur ing the main PA INTING

ROLLER--PA INTING! ;Joop make sure there is
(FLUID—CONTA INMENT TRAY PAINT) ;paint in the tray.

PAINTING4 COMFS—FROM : ;We get pa int on the roller
((intermediaries) ;by rolling it In the tray
(ROLL 3 (ROLL INSTRUMENT TRAY)))

PAINTINGS COMES—FROM : ((ROLL3)) ;We roll it along the

;objec t to get paInt on it.

Ms • Ma lap ro p can  t i n e  t hi s frame to handle exampl es l Ik e

Jn ck  was painting a w a l l .  1k’ roll ed the roller in the tray.

Q: Has hi-’ finished yet? A: No.

Then he rolled the roller along the wall .

Q: Is this step obligatory? A : Yes.

_ _ _ _
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As for how the ADJUNC T techni que compares to other ways of accomp lirh ing

this sort of modularity, I point the interested reader to a discussion In t7~~.

Earlier I commented that predicates in the r ep re sen t a t i on  were them selves

just frames . So, (AT!1OS PHEP~E—CONTACT SOME—PA INT) is a reference to the

ATMOSPHERE—CONTACT frame where OBJ is bound to SOME—PAINT . The idea is that

g iven the se bindings we may, If n eed ed , infer new facts about the situation

u s i n g  the  r e l a t i o n s  found in the frame. Or to take another examp le , (PAINTING

JACK! CHAIR!) is my representation for “Jack painting a chair ” (tense Is

ind icated separately) . It states that we have an instance of the PAINTINC frame

where AGENT is bound to JACE1 and OBJECT to CHAIR].

That each predicate is a frame is not a significan t restriction on the form

of the  semant ic  r e p r e s e n t a t i o n.  T h i s  is because my frames are still so loosely

defin ed as to allow virtually anything to become one. However it does allow one

to d i s ti ng uish good f r om bad “sty le ” in the selection of predicates for the

representation of facts. For examp le , the reader  may hav e not d that 1 have’ no

equivalen t of the ubi qui to us ISA predicate. That is , rather than :

(I SA INSTRUM ENT PA 1NT— BR US I J)

I have:

(PA INT—BRUSH INSTRUM E NT )

The reason is s imp l y tha t each f r a m e  is a c o l l e c t i o n  of knowledge about a

particular concept . We have a bod y of I’nowledge about paint brushes, hence

PAINT—BRUSH is a p r ed i c a t e  in the sys tem.  But wha t knowledge might we have

-

~ abou t ISA? W ell , th” ri’ i~- I n h e r i t a n c e  of properties, but In fact this is not

s i m p l y  a p r op e r t y  of ISA its Is usually asetused . For examp l e .  i f  we know tha t

I
.- - .- - 
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(LIQUID-IN INSTPU?IFNT PA INT) ue ( i f l  inf er facts about TNSTRUMFNT just as we c~~n

with (PAINT—BRUSH INSTRUM ENT) or (ISA INSTRUMENT PAINT-BRUSE). That is to say .

the inheritance of properties is just a special case of the inference of

proper ti es , and as such is not a fact about ISA . But if there Is no Information

unique to ISA there seems to be no need for an ISA frame , and hen ce ISA shou ld

not be a pr edicate in the system . (Later however we will resurrec t ISA not as a

predicate , but as a specialired search technique , which is , In fact what It

always has been. That is , I am t-lalm ing that previous use of ISA have confused

search techniques with pred ication.) Unfortun ately, ISA is the rare case . For

the most part my frames say l i t t l e  about wit id pr edicates are worth having -

2.5 Implementation

Barr ing a few minor comp lexities w h I c h  I have left out , the representation

developed here is exac tly what is given to the system . It is not however what

Is used dur i ng the story comprehens io n phase. In particular there is a progr~n -

which takes the list formatted versions ~:s pre’sented here m d  modifies these In

several ways.

The least interesting change is from the input list format to property list

structures- Intern ally a frame Is represented as an atom with properties such

as VAR S , EVENT etc. A frame statemen t is an atom (the name of the statement)

with prop erties such as POD? (wh :ich gives the predicate and arguments)

• COMES—FROM etc. The program also performs local syntactic chocHng (the atom

COMES—FROM following a statemen t should be Interpreted as a property of that

statemen t , and not the name’ of the nex t statement. like PAINTTNG2S). Arguments

to predicates may be 4nput it h u r In posItIonal notation (as is predominate in

th is paper) ci- in “pai r ” notation. However internall y everything is in pair

______ — -  
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notation .

A t an only sl ightl y hig her l evel , the frame input program adds various

pointers which make It easier to examine things In frames- So, it creates a

“frame index ” which indexes the frame statements in a given frrme according to

t h e i r  p r e d i c a t e s  and argum *-n t s .  T h i s  i s  used when we are looking for a

- 

s t a t emen t  lii e f r a n c  w h i c h  m a t ch e s  1 g 1vni s t a te me n t .  (This  comes up

• particul arl y when we a r e l o o k i n g  for a mat ch between what happens in the story

and what we expect to happen given our framed knowledge.) We also add back

po in ters from I n d i v i d ua l  s t a t ements  to wh ere they appear In the frame. }lencc,

given a COMES—FROM or LEADS—TO pointer to a statemen t we can find out the role

the statement plays In the frame. For examp le. if we have a pointer from a

s tory  s ta tement  descr ib ing  “wa shing a chair ” to the “cl ean objec t” statemen t In

PAINT I NG , we will be able to answer a question like “Has Ja ck f in i shed ” by

seeing where the “clean objec t” statement fit s in PAINTING.

Somewhat more interesting are the non—local syntactic checks (or semantic

checks). If we have in PAINTINC the command (STICKY-ON SOME—PAINT INSTRUMENT)

Ms. Malaprop wi ll  go to the STICKY--ON frame and l ook at the strict requirements

on the variables and see if SOMF—PAINT and INSTRUMENT satIsfy them . In this

case she w I l l  f ind  In STICKY-ON the f o l l o w ing :

(STICKY -ON (STATE )
VARS : (L1Q (LIQUID LTQ))

(OBJ (SOLID OBJ))

Ms. Malapr op w i ll then try to prove , g i ven  t h e  in f o r m a t i o n  in PA INTIN G , the  two

s ta t e m e n t s , (LIQUID SOME—PAINT ) and (SO LiD INSTRUMENT).  In t h i s  case I t  Is

fai r l y st r ;it g htforward (both are stated explicitly In PAINTING), but in general

I

-
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t h i s  process Wi I r & - q i i i  r e ~1s . ~-‘a I aprep ~- f n f e r t ncc capab lit  los - Only, now

Instead of using the story as the basic cmsree of i n f o r m a t i o n .  i t  i s  the  f r am e

Itself which serves as the data base .

A somewhat similar situatInn is the chechlrg of COMFS—FROH and LEADS-TO

pointers. 1 have mentioned that whenever we ha”e ST1 COMES—FROM : ((ST2)) It is

required that STI matches ST2. That is, they must both have the same predicat e

and con variable arguments. and the variable arguments  mus t  m a t c h  Igroring

• d ifferent names (and in particul ar the absolut e restrictions on both variables

mus t be compatible) . This matching has a side effect however . Consider the

- f o l l o w ing case :

PA INTINC I (NOT (STICKY --ON DIRT OBJECT))
COMES—FROM : ((WASH—COAL))

WASH-COAL (NOT (STiCKY-ON BAD--STUFF OBJECT))

In mat ching PAiNTING] against WASH-COAL we bind DIRT to BAD- STUFF and OBJECT (in

PA iNTiNG ) to OBJECT (in WASH). These bind Ings wil l ht record ed exp licitl y In

PAINTINC so that they need not be re-computed each tim e we wi sh to see if a

particular instance of washing is plausible under the Interpretation that it is

being done In order to get the thing painted clean . This wiH give us:

PAINTING] (NflT (~ TT CV Y —O N PiR~
’ OBJECT))

COMI’S—FROM : ((WASH-GOAl. (l-ThSfl (flBJECT . OBJECT) (BADSTUFF . DIRT))))

Thi- new lien here is a franc statemen t wh ~eh says that the Instance of washing

Involved will have the followi ng h i nd~ n~ s ... . (Remember that bIndings are

In t ern a l l y specified in p ’’ r rotntion.)

-~~~~~~~~ ~, -e~~ —‘— ________
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1. THE BASIC PROC ESS .

- 
Given this brief introduc tion to t~s. Malaprop ’s representation , let us now 

1

consIder how the program uses It to understand stories. The fund amental Idea .

which we have been presupposing ni l along , is simp ly this: statements from the

story are “understood ” by linking them to one or more marchin g frame statements.

So we tinderstand the lin e “He got some paInt on the brush” by seeing it as an

instanc e of PAINT1NC4 which is ti” command In PAINTING rel’i ng one to ach~ eve

STICKY—ON. Once Ms. Nalaprop ha~ made this connection she can, should there he

a question on the subj ec t , use the informa tion ~n the fr-me to answer questions

about the story, suc h as why it was done , or how , or when . Note that in general

these extra dc-tails are not filled in at read tIme since they are so easily

obtainable from the frame . The process of linking story statements to

corresponding frame statements will be called “sta temen t integratIon ”.

Moving down one l evel of detail , we can view ~s. Ma l aprop as a comb ina tio n

of three components .

SET UP STORY STAT~ 1FNTS

TNT EGRATE STA TEM ENTS INTO FPA~IE5

DO R EAD TIME INFERENC E S

(There’ is a fourth separ;~bli- section of Ms. Malaprop , DEMONSTRATE , the funci Ion

in charge of infc’r& -n cc . It does not fit into the flow chart however sInce it is

ca l l ed by all sections of the program.) Of these we have briefl y desc r ibed

a I i-ni n t !i1I ~ .‘ I en ’’ . “Si’ t tip ” I~ t hi- iisua I sort of in i t Ia 1 bo okke eping  -

“ic; ’ t Inc i i i f i - r i ’ n i os ” ore those In feri nces we make wh ii e reading because in the

_ _ _ _  — 
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estimat ion of the program they n r c  i-s p e c Ia lly sa li ent to the situation at hand -

Deciding “saliency ” is a very difficult problem . (See sectIon 5)

In this section we are primaril y concerned with “s tat e m en t  i n t e g r a t i o n ”

but for the sake of comp leteness let us briefl y consider what “set up” does-

Take the following simp le examp le.

Jack was going to paint a chair with a brush . He cleaned the chair

0: Why? A: So the paint will not flake -

As we have alread y noted . the input to the program is not English but a

semantic representation , so the first lin e is actuall y-

SS~ 1 (INTEND JACKI
$ST SS- 2 (PAINTING JACK1 CHAIR1 PAINT BRUSHI))

SS-3 (PERSON JACK!)
SS 4 (CHA IR C H A I R I )
SS-5 (PAINT- BRUSH PAINT- BRUSH1)

(SAME TIME NEW-NOW (BEGIN SS- 1)) )

Here SS—l states that Jack Intends to do SS-2. namely paint the chaIr- The

symbols SS- 1 etc . are simp ly names of the story statements (SS). SS 3 states

that JACK1 is a person. It should be remembered that save for a few special

symbols (NEW-NOW and BEGIN in the above examp le) all arguments to predicates are

arbitr ary symbols- 1 ‘. 1 1 1 ,  in general - c-nd such arbitrar y symbols wi th numbers

• to serve as a remin der - The inst I Inc serves to locate the events descrIbed In

tlm . Her - wi simpl y stat e that “story now” (— NEW- NOW) is the point where Jack

decide s to do some painting-

Thesi statemen ts will be converted int o the interna l forma t by the same

program which eo v - rr ; f r a m e  ‘;t ;’ t emen ts  Into their Internal forma t (see section

7.’) ;e; i ’ n mi~ and s t o r y  statements a re represen ted  in e x a c t ly  the same way. At

____________ — — —:;--- — 
~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~
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the same time the story stat i-m ents wi LI he indexed in the dnt.i base (by rlii same

program which for frame statements eonst riu -t s ti n- frame index ) - Lastl y I-he

story statements will have their arguments checked for correct types. That is

If we say that (ABSORBED- BY A B) then A must be a li qu id and B a sol id

(according to the restricti ons on vari able -s In the ABSORBED-BY frame). Again.

this Is done by the same programs which check frame statements for correct

argument types. but now the basic source of data about the arguments will be the

story, not the frame In which the statemen t appears- These “setting up”

activities are summarized below .

PUT LINE OF STORY INTO INTERNAL REPR E-
• SENTATION USING FRAME PARSER

Set up story statements(ss) PUT STORY STATEMENT IN DATA BASE (DONE
DURING ABOVE PROCESS)

integr ate ss’s Into frame CHECK IF ARGUMENTS ARE OF THE CORRECT
TYPE GIVEN THE PREDICATE

Do read time Inferences

Now we try to Integrate the individua l story statements Into the frames-

This is done via a list of “context ” statements. which are simp ly those comp lex

event frames (e.g. PAINTING ) which have been mentioned earlier In the story.

(Since the program onl y accepts very short stories no attempt at f o r g e t t i n g  has

been made .) Obvious l y for the first sentence there ore no previousl y mentioned

complex events , so no ;itt i m p t  at in (vgr;’tlon is made- We will, of course. add

~S—2 . u s -  Instant li t ion øf the PA INTIN G frame , to t h e context list . We can then

move on to 11 rig- two of our story wh ich (omit tlng tense In f o r m a t i o n )  goes as

fol l ows :

SS—€ (CAUS E IACK’ I ~ST SS- 7 (NOT ( S T I C K Y - O N  (OBJ . C H A I R 1) ) ) )

hi s says . “Jack cause something (unspecified ) to not be sticking to the chair- ”

-

~~~~~~

—
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(Note that since we do not know the first argument to STICKY—ON the second

argumen t is specified by us ing  an exp licit pairing be tween the var iable in the

STICKY—O N f r a m e  (OBJ) and its bind i ng , C H A I R I . )

This statement will be converted into Internal format , asserted . and

checked , as before . However this time when we move on to statement integ ration ,

there will be a previous l y mentioned  statement on the con tex t  l i s t , namel y our

painting statement . So we start looking f or ma tch ing  frame statements within

PAINTING. The story statement we are trying to match Is SS-6, the CAUSE

statement , but p a r t i c u l a r  knowled ge of the CAUSE pred ication tells It to Ignore

the cause statemen t itself and concen tra te on the sta te being caused , namel y

SS—7 (the  “clean ” s t a t e m e n t ) .

In looking fo r  a m a t c h  w i t h i n  a f r ame  we s t a r t  by f i n d i n g  all statements in

the frame wi th the same predic ate (ignoring any NOT’s). In the present case we

wil l  f i n d  three  c a n d i d a t e s .

SS-7 (STICKY-O N ? CHAIR 1)

PAINTING ! (NOT (STICKY —O N DIRT OBJECT)) ;Th e i n i t i a l  cleaning

PAINTING4 (STICKY —O N PAINT INSTR UMENT ) ;GettIng paint on initially

PAINTING6 (NOT (STICKY-ON PAINT INSTRUMENT)) ;Cleaning Instrument after

We must now match SS-7 against each of these to see If there Is indeed a match.

In general this proce s is quite comp lex , and we will defer discussing it until

the next section . Rut in the present case It Is quite easy to rule out

PAINTINC I and PA TNTING6 as possibilities , since making these matches would

• require matching INSTRUMENT with CHAIR !, when it is already bound to

PA fl. 1 R R I I S I I I .  Remember that (PAINTING JACK I CHAIR I PA INT—BRUSH 1) is shorthand

~1

- .- - .-.
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(PAINTING (AGENT - JACK!) (OBJECT . C H A I R ! )  (INSTR UMENT . P A I N T— B R U S H 1) )

• Given tha t these bind i ngs are no c o n s i s t e n t  w i t h  INSTRUMENT being bound to

CHAIR ! there is no t problem in r u l i n g  out the undes i red  i n t e r p r e t a t i o n s  of our

s tory  s t a t emen t .

Once we have chosen a m a t c h i n g  f r a m e  s t a t emen t  we add a po in t e r  to the

story statement showing where i t  was In t e g r a t e d  in the context  f rame . In the

present  case we w i l l  have :

SS—7 (NOT (STICKY-ON (OBJ . CHAIRI))) LEADS—TO: ((PAINTING! SS—2))

Here PAINTING! is the frame statement matched with SS—7. The SS—2 serves two

purposes . For one thing it indicates that we now understand SS—7 as part of the

particular act of painting described in SS—2 (PAINTING JACK1 . . . ) .  Second ly,

SS—2 gives the bindings of the variables which were used when we made the match

between SS—7 and PAINTING1. Since the binding statement already exists , we need

onl y g ive its name here.

Given this pointer Ms. Malaprop Is now In position to answer all sorts of

questions about SS—7. The exact mechanism is not of par tic ular interes t , but

uniformly it involves following the LEADS—TO pointer back to PAINTING! and using

the forma tion there - - To answer “wh y” Jack cleaned the chair we look at

PAINTING! where we see :

PA INTING! (NOT (STICKY-ON DIRT OBJECT)) LEADS—TO: ((FLAKING1))

This states tha t PAINTING ! preven ts flaking (as it matches the negation of one

o f f l a k i ng’s prerequisi tes , the object having dirt on it). We can now use this

- - ~~~~~~~~~~~~~~~~~~
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information to explain Jack’s behavior. Or again , if we are asked whether Jack

has f inished yet we can use the time relations in PAINTING to answer “no”. Or

ye t again , if we should be asked if Jack could have omitted this step Ms.

Malaprop will answe r “Yes” on the basis of the relation between the goal of

painting and PA INTING!.

With these steps included , our flow chart becomes the following:

Conver t to internal
representation.

Set up story Assert story statements.
LOOK IN CURRENTLY ACTIVE statements.
COMPLEX EVENT FRAMES FOR Check for correct
POTENTIAL MATCHES. argument types.

In tegra te  s t a t e —
SEE IF THERE IS A MATCH inen ts Into frames.
GIVE N B INDINGS FROM COM-
PLEX EVENT STATEMENTS . • Do read time

inferences.
IF THERE IS A GOOD MA TC H
ADD POINTER FROM STORY

I STATEM ENT TO FRAME STh. 
-

4 THE MATCHING PROCESS

One of the ma jo r  problems in A r t i f i c ial Intelligence is that of

“recognition ”: that is , recognizing tha t some set of data is an instance of a

more general  case . This  problem Is most eviden t in medical diagnosis

(recognizing certain comp laints , test results , etc . as an instance of a certain

d isea s e ) ,  v i s ua l  objec t r e c o g n i t i on , and speach recognition , but it occurs In

hig h level language comprehension as well. One way this occurs Is the problem

of de t e r m i n i n g  which Irant’ Is relevant to a g iven a itu a t i o n .  At the moment Ms.

~.il aprop says nothing about this diffi cul t problem . The program depend s on the

-
~
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relevant frames being i n s t a n t l a t i - d  In t h e input , so , If PAINTING Is to be

examined , we had be t t e r  ment ion  tha t  someone is p a i n t i n g .

A somewhat simp ler case of the r ecogn i t i on  problem comes up when Ms.

Malaprop has to recognize that a given action is an Instance of some action

mentioned in a comp lex event f rame . This  Is what  I cal led the “m a t c h i n g ”

problem in the last section. There we only considered a very simple case , now

we w i l l  look i n to  some of the comp l e x i t i e s .

The m a t c h i n g  process in Ms. Malaprop  Is , In fact , two separate processes.

The first of these rejects po tentia l matches on the basis of time Information ,

while the second d e t e r m i n e s  if  the f r ame  variables match the objects In the

story. Let us start with time considerations .

Jack f inished painting a chair. Then he washed it.

Q: Why ? A : I don ’t know.

Ms. Ma l ap rop’s unde r s t and ing  of t ime  is , f o r  the most par t , qu i te  primit-ive

(see sec t ion  6 ) ,  but  she can h a n d l e  t h i s  examp le .  Firs t  we must  unders tand  tha t

the program does not  i n t e r p re t  “ f i n i s h e d  p a i n t i n g ” as meaning t h a t  every a c t i o n

In PAINT ING has been comp leted , but  onl y those ac t ions  In  what is called the

“cen ter ” of the f r am e . The c e n t e r  is found  by f i r s t  no t i ng  the ac t ion  which

d i r e c t l y leads t o  the goa l s t a t e  of the f r ame .  The center  then is simp ly the

high est embedding  LOOP (If any) around tha t a c t i o n .  (See below fo r  the case of

PA INT ING. )  Given t h i s  f a c t , Ms. M a la p r o p  wi l l  re jec t  a l l  action which  occur

before  or d u r i n g  the cen te r  as p o s s i b l e  c a n d i d a t e s  for  the m a t c h .

_ 
_ _ _
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(PAINTING (C OMPLEX-EVENT)
VARS: . . .
GOAL: PAINTING-GOAL (EXTERIOR PAINT OBJECT) ;The goal is coa t ing  OBJECT

COMES—FROM : (via intermediates)
EVE NT : PA INTING !

P A I N T I N G 3
(LOO P PA I NT IN C4 . . .  ;TH E

PAINTINGS (CONTACT INSTRUMENT OBJECT) ;CENTER
. . . )

In a pa ra l l e l  f a s h i o n , a c t i o n s  w i l l  be r e j ec ted  fo r  being too far along in

the f rame . For examp le:

Jack was going to p a i n t  a c h a i r .  He washed the brush .

Q: Wh y ? A: I don ’t know.

Althoug h one could answe r “ so i t  Is c lean  before  using i t ” the Important  point

for  our purposes is tha t  the brush c l ean ing  Is not in te rp re ted  as the c leaning

recommended at the end of PAINTING. Ms.  Malaprop ’s ru l e  here is simply tha t if

we are s t i l l  in the pre center  por t ion  of the a c t i v i t y ,  a l l  pos t—center  actions

are rej ected .

- A good example of both of these rules Is the -following :

.Jack was going to pa i n t .  He got some newspaper.

Q: Wha t f o r ?  A: To cover near  by t h i n g s .

I I lack finished p a i n t i n g . He got some newspaper.

Q: Wh a t for? A: To clean the paint brush .

I

The reader mi ght note that in the example presented in the last section (when we

were integrating “Jack cleaned the chair ”), the fram e statemen t PAINTINGS (clean

— — — ——-— — — ---I 
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the In s t r u m e n t  a f t e r )  would have b een r ej e c t e d  on t i m e  c- on s i d er a t i cn s  b c - f o r e  we

did any variable matching . It was easier to ignore this point at that time .

But the major responsibilit y of action recognition falls on the variable

matcher. In the last section we saw how Ms. Malaprop would not interpret

cleaning the chair as failur e to gt-t p-’int on the painting Instrumen t because of

a mismatc h between CHA IRI and PAlNT—H RI~SH1. So In the simp lest case an Incoming

story statemen t will match or fail to match a frame statement because its

arguments are compatible (or not) with the bindings of the variables found in

the frame statement. If we are told , f or ex am p l e , that Jack was painting a wall

wit h a sc rewd r iver , Ms. Malaprop would have no trouble interpreting “Jack

dipped the screwd r iver into the paint” as an instance of “getting paint on the

ins t rumen t”. If we had not been told what instrumen t Jack was using , such an

interpretation would have been rejected on “likeliness” grounds. How such

“likeliness” is imp lemented is the topic of the rest of this section .

The problem of likeliness comes into p lay when we do not  know the  b i n d i ng s

for all of the relevant variables. So consider :

Jack was going to  paint a chair . He di pped a brush Into some paint.

The second line Is represented as Jack causing the brush to be immersed

(LIQUID—TN) the paint. The match between the incomming story statement and the

relevant frame statement goes as follows .

SS3-2 (LIQUID—rN PAINT—RRUSHI PAINT!)

PA !NT IN C4 ( L I Q U I D — T N  INSTRUM E NT PAINT )

~~~~ opposed to the previous cases however, here INSTRUMENT and PAINT arc not

_______
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bound , s i n c e  the  s ta t em e nt  about -Jack pa i n t i n g  d id  not  men t ion  either , but only

the AGENT (JACK1 ) and the OBJECT (CHA IR!).

The reason “ l i k e l i n e s s” mus t come I n t o  p lay  is t h a t  the program must not be

“fooled” by superficiall y similar situations such as:

Jack was going to (10 Some painting . He washed his hands. (He Is not

wash i ng the OBJECT. That is , he Is not going to  paint I-~is hands.)

Jack was going to do some painting . He di pped a pencil in the paint.

(He is not  g e t t i n g  p a i n t  on INSTRUMENT.)

To preven t such mismatches Ms. Malaprop p laces “likel iness ” restrictions on

what will be allowe d to match frame variables. Most important here are the

normal conditions on variables. If the story objec t satisfies a normal

condition on the variable (with some exceptions to be mentioned later) then it

will be allowed to match the variable. In the case of PAINT—BRUSH1 in the

example above , we wil l be try ing to match iNSTRUMENT, which has the follow ing

variabl e entry :

(INSTRUM ENT (SOLID INSTRUM ENT)
NORMAL : PA INTING—BRUSH (PAINT—BRUSH INSTRUMENT)

PA INTING—ROLLER (ROLLER INSTRUMENT)
PAINTING—ABSORB (ABSORB ANT INSTRUMENT))

PAINT—BRU SHI will , of couse , satisf y PAINTING—BRUSH , and hence will be

considered a GOOD match for instrument. (As we shall see , the matcher rates

m a t c h e s  e i t her  BAD , POSSIBLE , SATISFACTORY , or GOOD. If the variable Is already

hnt rnd to the oh~~~- t I t Is -i GOOD match , If it is bound to something else It is

I ’ M ) . )  I t  n ine of t he  norm a l c o n d i t i o n s  ar t ’  ma tched  I t  Is  a BAD match .

~~~~~~~~~~T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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This  is th e  b a s i c  idea , but  t h e r e  f u r t h e r  compli catIons. For one t h i n g ,

Ms. Malaprop distinguishes between those norma l conditions which specify what

kind of obj ect we wan t (a “roller ” or a “brush”), and those which only des cr ibe

desi rable properties which the object should have (“absorbency”). If the only

satisfied norma l conditions are of this latter type then the match Is marked

POSSIBLE . The effect of this Is to not make the match initiall y but to wait for

further evidence in the form of a second attempt to make the same

identification. For examp le:

Jack was going to paint a chair . He dipped a sponge Into some paint.

Q: Wh y? A: I don’t know .

Then he drew the sponge across the chair.

Q: Wh y d id John dip the sponge Into the paint.

A: To get paint on it.

Af ter l ine two we have made one attempt to match SPONGE 1 against INSTRUMENT.

This has produced a POSSIBLE rating for the match of l ine two ag ins t the framed

knowl edge tha t di pping is the standard way to get. paint on the Instrument .

However we do not act on this and hence Na. Ma laprop cannot answer the first

question . When the next line comes In we make a second attempt at the match ,

and this time it goes through , all owing the program to answer the question It

fail ed to answer one lint ’ earlier.

I will ski p the other complications except to mention that if there are no

norma l conditions on a variable , bu t the absolute restrictions are ma tched then

the match Is graded SATISFACTORY. As described the matching procedure goes as

i l l u st r a t e d  b e low .

j

________ ______________ —---—--———— 
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Is VAR a l r eady  bound? MATC H RATE ING

no yes

Have we already mad e To STORY-OBJECT? no BAD
a POSSIBLE m a t c h
to STORY-OBJECT? yes GOOD

no yes GOOD

Does STORY-OBJECT satisf y a l l  of the
necessary conditions on VAR? no BAD

yes

Are there any norma l conditions on VAR? no SATISFACTORY

yes

Does STORY-OBJECT sa t i s f y any  of them? no BAD

yes

Are any of these conditions on the kind
of object which is normally used - no POSSIBLE

yes GOOD

Next we update our flowchart to include this sections additions .

Convert to in t e rna l
representat ion.

Find potential matches .
Set up s tory  Assert s tory  s t a t e m e n t s .

ELIMINATE THOSE WHICH DO s t a t e m e n t s .
NOT FIT DUE TO TIME CON- Check f o r  correct
STRA INTS . argument  types.

I n t e g r a t e  s t a t e —
SEE IF THERE IS A GOOD , m en t s  into frames.
SATISFACTOR Y , OR POSSiBLE
MATCH ACCORDING TO ABOVE . Do read time

In fe r ences .
IF ONLY POSSIBLE , NOTE,
BITF POSTPO NE INTEGRATION ,
ELSE ADD LEADS -TO POINTER
TO STORY STAThFNT.

— —  
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5. READ TIME INFERENCES 
-

5.1 Abductive and ded uctive inferences

Most programs which a t tempt  to unders tand  tex t  make inferences about the

t e x t  w h i l e  the program Is “ read ing ” r a t h er  than alwa ys waiting until a question

is asked . O f t e n  ( indeed  most  of t h e  t i m e )  these i n fer e n c e s  are not  In any sense

l o g i c a l l y e n t a i l e d  by the  s t o r y ,  •;n the  m a c h i n e  can be thoug h of as “jumping to

conc l usions” about what is being described In the t e x t .  W h i l e  i t  is probably

no t f eas ib l e  to omi t  such In f e r e n c e s  (see C h a r n i a k  [12 ] ) , their use Is

probl ematic since one cannot make all possible Inferences . The question then

becomes which  ones should the program make ?

Roug hl y speaking we can c l a s i f y read t i m e  in f e r e n c e s  I n t o  two c a t a g o r ie s ,

“abductive” and “d e d u c tiv e ” i n f e r e n c e s.  So , fo r  examp le , If  we read tha t P r o f .

X submi t s  a pape r to a low s t a t u s  confe rence  t ak ing  p lace in Tahi t i , we might

make the obductive  (or “exp l a n a t o r y ”)  In f e r e n c e  that  he I s  p r i m a r i l y  i n t e r e s t i n g

in a free , or at least tax deductible , trip. We are exp l a i n i n g  his  a c t i ons  in

terms of t’er tain motivational hypotheses . We might also make some deductive

inferences such as “he ma iled a copy of the paper to the program chairman”.

The frame recognition problem discussed In section 4 Is one variety of

abductive in ference- , and as I noted there , how such Infer ences are mad e Is a

tough p rob lem and one Ms. ?1alaprop does not  t a c k l e .  Hence in th i s  section we

will be concerned with ded uctive Inferences .

Wh ile the problem w i t h  nhduct lye Inferences is how to make them , the

prob lem w i t h  t h d u c t l v e  I n fer e n c e s  is which ones to make . It is a l l  too easy,

g iven , say, the fact that Jack Is a person to infer that he has a heart , two 

p
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arms , etc. But why bother? To answer this question Ms. Malaprop Includes a

rudimentary theory of deductive Inferences . In particular she recognizes three

types : “cons istency i nf erences ”, “unexpected situations inferences ”, and

“needed f ac t infer ences ”.

The first of these cares for the case where a new f a c t  c o n t r a d i c t s  an old

one and a dec i s ion  mus t  be made  as to which one Is correct. This happens , of

course , because a previous read time inference jumped to an incorrect

conclusion . The second occurs when something unexpected (according to the

a c t i v e  f rames)  take s p lace and we want to f i n d  out what  the consequents will be.

The final one is more complex. The general idea is that the proper

represen ta t ion  fo r  a s i t ua t i on  w i l l  depend on the con tex t  in which  the situation

Is embedded . Sometimes this Is hand l ed as par t  of p a r s i n g . In Ms. M a lapr op

t h i s  is considered par t  of the  read t I m e  i n f e r e n c e  procedure.

5.2 Consistency and Unexpected Situation Inferences

Consis tency i n f e r ences  are needed any t ime we put something in the data

base wh ich is the d i re ct nega tion of some thing we alreay know. If the old fact

has been used to make any in fe rences , new statements negating these inferences

w i l l  be added to the data base caus ing  the process to be repeated . In order  to

do t h i s  Ms. Mal aprop  keeps what might be called “simp le minded ” da ta

depcnden ies. That I s , a n y  t i m e  one f a c t  i s  used to Infer another , this is

recorded on both  f a c t s .  I c a l l  tIles(’ “ simp le minded” data dependences to

d istinguish It from the full fleged data dependencies of Doyle [13] which are

also a b l e  to h a n d l e  cases where one fact was i n f e r r e d  from the absence of a

second fact . The Doy le program also has the ability, given a contradiction , to

use the data dependencies to determine the Initial assumptions which caused the

-— 
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Inference proc edure to go wrong in the t i r s t  p l a c e .  Ms.  M a l a p r o p  keeps t r a c k

of the  necessa ry  i n f o r m a t i o n  to do t h i s , hu t  makes  no use of it . In the next

sec tion we will give considerable detail on an examp le which make s use of

consistency inferences.

The second kind of ded uctive inferences mentioned above , “unexpected

s i t u a t i o n” i n f e r e n c e s  f i gu re s  out what  w i l l  happen when one of the f r ame

expectations Is confounded . This is done on the g rounds  tha t it is these

situations which are most likely to he Important in the story. So fo r  examp le ,

we m ight be told :

Jack was p a i n t i n g  a c h a I r .  He had too much p a i n t  on the brush .

Here the second l I n e  is unders tood by l o o k i n g  fo r  a constraint which s t a t e s  tha t

one should remain under a threshhold on the volume of paint on the brush . If

this is found we state that his was not done in the curren t case . That is , the

second line is interpreted as:

(NOT (THRESHHOLD—UNDER VOL—PAINT-ON—BRUSH1))

which then matches the frame statement~

P A TN T IN C 7  (T II RFS HII OLD -UND ER SOME-PAINT--VOL) LEADS-TO: ((DRIP2))

Ms. M a l ap r o p  w i l l  I n f e r  the cnnsequi-nros of the disobedience by f o llow ing the

LEADS—TO poieter attached to the m at c h e d  f r ~ me s t a t e m e n t.  Ms. Malaprop

normal l y u n d e r s t a n d s  PA !NT IN C 7 as st a t e i n g  t h a t  i t  is des igned to f r u s t r a t e  the

D R I P  process by i n s u r i n g  t h a t  one of i t s  p r e r e q u i s i t e s  is not  m e t .  However , in

t h i s  case i t  Is , so Ms. M a l a p r op  asks the  i n f e r e n c e  make r (see sect ion 5 .4)  to

prove that the drip will occur .

— ~~~~~~ — — 
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(DRIP (SIMPLE—EVE NT)
VARS : (LIQ (LIQUID LIQ))

(OBJ (SOLID OBJ))
(LIQ—VOL (VOLUME LIQ-VOL LTQ))
(LIQ—PART (AND (LIQUID LIQ-PART)

(PART -OF LI Q— PART L I Q ) ) )
EVENT : (AND DRIP1 (STICKY—ON LIQ OBJ) ;If there is liquid

DRIP2 ;sticking to an object ,
(NOT (THRESHHO LD— UNDER L I Q - V O L ) ) )  ;and i t s  volume exceeds

CAUSES ;a threshhnld , this ran
DRIP3 (NOT (STICKY-ON LTQ—PART OBJ))) ;cause some of the liquid

;to separate off.

(In fa ct , DRTP2 is r e a l l y  represen ted  as “TFIRESHHOLD—O VER” ra ther than “NOT

THRESHHOLD—UNDER” but this would add non—essential comp lications to the

exp l a n a t i o n . )  Proving tha t the re  w i l l  be a d r i p i n t u r n  Involves  proving t h a t  the

other prerequisite is also true (DRIP1 (STICKY—ON LIQ OBJ)). This will be easy

since part of story input will be the definition of VOL—PA INT-ON--BRUSH1 , which

is:

(STICKY-ON PAINT—ON—BRUSh I PATNT-BRUSHI)

(VOLUM E VOL-PAINT--O N --BRUSH I PA 1NT —ON — BR US I ~ ~

Hence ~~~. Ma l aprop ha s Inferred that there will be a drip .

5.3 Needed Fa c t  Inferences

The l a s t  of t h & - t h r ee  r e s u l t a n t  read t ime i n f e r e n c e s , “needed f a c t

i n fe r e n c e s ” . To see the  n e c e s si t y  of this , we should first note that often one

can make  a l a r g e  numb er  of I n f e r e nc e s  f rom a s ing le s to ry  s t a t e m e n t .  T h a t  X is

HUMAN ‘ill owu one to I n f e r  m a n y  stru c t ural propert Ies ot X. T h a t  some object  is

L1QII I I)—IN some liq u id allows one to Infer STICKY--ON and NOT AThOSPHERE—CONTACT

rd a~ ions , a’; wel l as a host of others (SURROUND, DISPLAC~~4ENT e tc . )  not

cu r r e n t l y imp l emented . Which  of these f a c t s  Is i m p o r t a n t  w i l l  d i f f e r  f rom case

A
_ _ _ _ _ _

I 1 I



I

- 

Page~~ 6

to case . One sc heme wou ld , of course , simp l y to make all of the Inferences . My

guess is tha t th i s  is in genera l  i m p r a c t i c a l  , but It is instructive to visualize

how it would work . In the case at hand , the resul t of t h i s  wi l l  be to r ep lace  a

comp lex pred icate , LIQUID—IN , with more basic ones (more basic In the sense that

while LIQUID—IN imp les STICKY-ON, the reverse Is not  t r u e ) .  That  is  to say ,  we

could replac e LIQUID—IN with a standard representation consisting of a host of

simp ler predicates. In such a case we would not need to identif y which fact is

needed in a given case , since we would have  them a l l .  W h e t h e r  or not such a

standard representation is l o g i c a l l y poss ib le , I t  seems u n l i k e l y to be

heur isticall y feasible. Hence we need some way to I d € n t i f y the need ed f a c t  in a

given situation .

To take a particular examp le , early in the event of painting , should we

learn of (LIQUID—IN INSTRUMENT PAINT) it would be impor tan t  to realize that this

will cause (STICKY-ON SOME—PAINT INSTRUMENT) for it is t h i s  r e l a t i o n  which is

c r u t i a l  to our a b i l i t y  to p a i n t.  Later  however , when the p a i n t i n g  proper is

done , we mIg ht be more i n t e r e s t ed  in  knowing tha t  because of LIQUID-ON the  a i r

cannot dry out the brush . Ms. Malaprop handles this prob l em by relying on the

f rames  themselves  to in d i c a t e  the f a c t  we need t-o i n f e r  f rom a p a r t i c u l a r

p r e d i c a t e  a t  any t ime . This  I s  done in the f o l l o w i n g  way.  The command in

PA INTING t e l l i ng  us to get  pa in t  on the brush has the fo l lowing  fo rm at~

PAINTING4 (STICKY-ON SOME—PAINT INSTRUMENT)
COMES-FROM : ((LIQU ID-1N2 PAINTING4C (LIQUID—IN INSTRUMENT PAINT)))

The COMFS—FROM link here says that we achieve PAINTING4 through the following

f a c t :  -

- i
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I 

________________________________________

- 
~~‘ 

— 

~
—
~~- ~~ 

—

. - -



Page 37

LIQUID—IN 1  (LIQUID-IN OBJ L I Q )
CAUSES

LIQUID—1N2 (STICKY-ON SOME-LIQ OBJ )

More prec i se ly ,  the COMES— FROM p o i n t e r  says that PA INTING4 matches LIQUID—IN2 ,

where the variables En the LIQUID—iN frame are to be bound according to

PA 1NT ING4 C . The f a c t  tha t we ach ieve  PA INTIN C4 t h r o u g h  the r u l e  t ak ing  one from

L I Q U I D — I N I to LIQU I D— 1N2 is  imp l i c i t  in the COMES—FROM formalism .

Now, to take a second , but related , examp le , suppose we are at the beg ining

of a story and we are told that Jack dipped the brush into the paint. As

men tioned earlier , the crucial point of “dip” is “cause to be LIQUID—IN” and at

some point during the processing of this sentence we will try to integrated

(LIQUID—IN PAINT—BRUSH1 PAINT1). Assuming for the moment that this will be

matched with PAINTING4C , then the fact that PAINTING4C hanges off PAINTING4 v~a

a COMES—FROM poin ter will indicate to Ms. Malaprop that PA INTING4 is the needed

fac t , given that we have seen LIQUID—IN In the current situation .

In fac t , there will be initially more that one potential match in PAINTING

for our LIQUID—IN story statement. The other will be found off PAINTINC~ .

PAINTING7 (NOT (ATMOSPHERE—CONTACT SOME-PAINT))
COMES—FROM : ((ATMOSPHERE—CONTACT S ATMOSP HERE—CONTACT4)

- 
(LIQUID—TN4 PATNTINC7C (LIQUID—IN INSTRUMENT PAINT)))

P A I N T E N G 7 is the  command which states tha t after the  main  pa in t i ng  loop , but

be fo r e  w a s h i n g ,  the pa in t  on the instrumen t should be kept out of contact with

the air. The way one normall y does this is to leave the Instrument In the

pa int . In the above situation where we have just started painting , Ms.

Malaprop will be able to decide in favor of PAINTING4C over PAINTINC8C as the

appropriate ma tch on the basis-of time considerations. However , should we later

)
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be told that Jack had finished painting , and then put the brush in the paint , we

would now ma tch the LIQUID—IN story statement against PAINTING8C , again on the

grounds  of appropritate time relations. Furthermore , since PAINTING8C is

hanging off  of a NOT ATM OSPHERE—CONTACT s t a t emen t , t h i s  l a t t e r  w i l l  now be take n

as the needed f a c t  gIven  the LIQUID—IN s t a t em e n t .

With the addition of the various types of read t ime inferences , our “flow

chart ” for Ms. Malaprop appears below.

Convert to in t e rna l
representation.

Find potential
matches  Set up story Assert story statements.

s t a t e m e n t s .
El iminate some using Check f o r  correc t
time constraints , argument types.-

In t eg ra te  s t a t e —  
-

See i f  the  match  Is ments  i n t o  f r a m e s .
r easonab le .  IF INPUT CONTRADICTS PREVIOUS

INFERENCE, UPDATE IT AND
Add pointer to story ANYTHING INFERED FROM IT.
statement indicateing Do read time -

m a t c h .  i n f e rences .  IF IT CONFOUNDS FRAME EXPEC-
TATIONS . INFER CONSEQUENCES.

IF FRAM E INDICATES A NEEDED
FACT , INFER IT.

5.4 The In f e r en c e Mechan i sm

So far I have said l i t t l e  about  how In f er en c e  m a k i n g  I s  ac t u a l l y  done in

Ms. Malaprop. On the other hand , the inference mechanism Is of little interest

in its own rig ht , except to the deg ree that it relates to the higer level goais

of th - program , such as restricted representation formalism or separation of 

--
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f ac t s  f rom use. So we w i l l  make a q u i c k  pass emphasizing how its abilities

relate to the major representational goals.

Given some fact which Ms. Malaprop would like inferred , the inference

maker will c all on the following ab iliti es , in roughly the following order :

Retrieval from story data base .

Ret r i eva l  from ac t ive  COMPLEX—EVENT and ADJUNCT f r ames .

Use of ISA hierarch y on OBJECT frames .

Use of rules in STATE or SIMPLE—EVENT frames.

Use of LISP programs .

The first of these is properly speaking not an i n f e r e n c e  techn ique at a l l.  The

second was mentioned earlier (section 2.3) when we noted how restricting

COMPLEX—EVENT f rames to the represen ta t ion  of desired states of a f f a i r s

simp l i f i e s  the program needed to in fe r  things from their  presence in a

COMPLEX—EVENT frame. These two techniques are considered “low cost” techn iques ,

and are the onl y ones used when the i n ference r  is told  to use LOW effort. The

rest are  used for NORMAL effort. (HIGH effort allows Ms. Malaprop i-a assume

th ings  to be t rue  in order to exp l a i n  c e r t a i n  f a c t s , hence g iv ing  M s .  Malaprop

a limited ability to do “exp lanatory read time inferences” (see section 4.1).

For example th is  Is used in:

Jack was going to paint the chair green . He got some blue and yellow
p a i n t .

Q: Why did Jack get the yellow paint? A: To mix with the blue pain
t.

Here the program assumed a “mixing ” action in order to explain the acquisition

of the differen t colored paints . I am Ignoring this facility however because it

- ,—.-.--—- 
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is quite ad hoc.)

Let us assume that Ms. Malaprop is trying to prove (PHYS-OB PAINT—BRUSH!).

Assuming the first two techni qes do not work , she looks a t the f rame f o r  the

p r e d i c a t e  Invo lved  (PHYS—OB) for  the section labeled IF—NEEDED . This section

can g ive three kind s of recommendations , one corresponding to each of the last

three inference methods. In the present case we will find :

(PHYS-OB (STATE)
VARS : (OR)
RELATIONS : ( PHYS-OR 1 (PHYS—O B OB)

1FF
(OR PHYS-0B2 (SOLID OB)

PHYS-OBI (LIQUID OB)
PHYS-0B4 (GAS O B ) )

IF—NEEDED: ((INFER—FROM PIIYS—ORL)))

The IF—NEEDED sect ion says to use the abov e- rule to prove that something Is a

p h y s i c a l  obj e c t .  Like the o ther  po in t er s , (e .g .  LEADS—TO ) the s t a t emen t

PHYS—OB 1 is constrained to match the statement composed of the frame name plus

its variables. By using this pointer we separate the fact from the information

on how to use it.

Having located the relevant rule , the Inferencer will try to prove the

d i s j u n c t i o n , and in  p a r t i c u l a r  w i l l  t ry  to prove (SOLID PAINT—BRUSH!) .  Ag a i n

as suming  t h i s  I s  not  In the  d a t a  base , the i n f e r e n c e r  w i l l  consul t  the SOLID

f rame , there to find :

IF—NEEDED: ((ISA —LINK SOL))

This s ta t e s that to prove something Is a solid , use the ISA inference method .

Wha t this means is that the program will look at the OBJECT frames which

describe SOL (in this case SOL will be bound to PAINT—BRUSH1) for a statement

m atching that which we wish to prove. In this case it will succeed in the

.,
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PAINT—BRUSH f r a m e  (see the f r a m e  as given in section 2.4). If it had not , then

it would have used OBJECT frames found in the description section of PAINT—BRUSH

to continue the search. (This correspond s to the transitivity of ISA.)

‘1

The banishment  of the ISA pred ica te however has created a problem for the

ISA search technique . Ty p i c a l ly we wi ll have stored several OBJECT frames

descr ib ing  the same s t o r y  o b j e c t.  So CHA I R 1 mig ht  be described as a CHAIR , and

also as a (piece of) FURNITURE. (SOLID , however is a STATE in Ms. Malaprop .)

This means that the ISA technique might first search FURNITURE, and if that

f a i l ed , search CHAIR , and then because CHAIR mentions that chairs are furniture ,

search FURNITURE all over again. What we need Is a p o i n t e r  to the most

res t r i c ted  obj ect type we know about  a g iven s tory  obj ect , in th i s  case (CHAIR

CHA IR !) .  The problem fo r  the f r a m e  r epresen ta t ion  is the s t a tu s  of this pointer

(which for  the sake of old t imes  we ca n call the ISA p o i n t e r) .  It shoul d not be

a p r e d i c a t e  fo r  the reasons g iven in sec t ion  2 .5 , but  w h a t  i t  should “be” I

don ’t know. At any rate , it does not exist in Ms. Malaprop , but eventually

something like this is going to be needed .

The last  of the th ree  t echn ique s is the use of a LISP program to dec ide  the

issue. As I have indicated , my approach is to limi t the use of arb it rary

programs . At the present time the use of LISP code for inference occurs in

three s i t u a t i o n s .  The f i r s t  I s  the  ad hoc uses (nobody ’s p e r f e c t ) ,  but  only

occ urs two places in the code. (One will be removed with the addition of a

f o u r t h  IF—NEEDE D type , PRESUMABLY (Mc Dermott  [ 1 4 ]) ,  which  s ta tes  that something

is to be presumed true unless we can show otherwise . The other has to do with

the diff icu lity of representing Information about how colors mix. I escaped

t h i s  p rob lem by w r i t i n g  a LISP program which given two colors , and a desired

, i i t ~ e o , returns T if the two co lo r s  when mixed will give the third.)

. H i  _ 
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Secondl y, LISP code is used for question answering routines. I have not

gone into the method by which Ms. Malaprop actuall y answers questions because

th is  was not a ma jo r  concern of my research. What in fact happens is that a

statement is constructed such as (WIlY JACK! SS2—2 X) (“X is why JACKI did

SS2—2), and Ms. Malaprop tries to “prove It ” - In the course of this X will be

bound . To prove It Ms. Malaprop consults the WHY “frame” for an IF—NEEDED

me thod , and finds the question answering program . This is obviously ad hoc , and

should eventually be rep laced by a more sophis t ica ted question answering system ,

such as descr ibed by Lehnert [15).

Final ly there is a class of LISP inference rules  which  are at least

defens ib le.  For example , Ms. Malaprop in t ry ing  to prove that  an act ion is

obligatory in a given situation tries to show that it is needed in order to

accomp l ish the ac tor ’s goal. To do this we need to prove (GOAL C ACT) (“G is

the goal of action ACT” ) .  To do this  in tu rn  we need a way to retr ieve the COAL

section of the f rame ACT , and this is most naturally done with a LISP program.

(David Barstow has po in ted  out (personal communication) that this last use of

LISP could also be e l imina ted  by making such predicates  pr imi t ives, in the same

way as NOT , AND, etc are p r imi t ive .  In the l ong run this is probably the

correct  thing to do , but whi le  everyth ing  is in flux , it is easier to add new

frames with LISP program IF—NEEDED methods.)

-~~~_ _ _
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6 AN E XAMPLE IN DETAIL

To get a b e t t e r  idea  of how t h i s  a l l  f i t s  toge the r , l et  us now take one

examp le and go throug h i t  In  d e t a i l .  The example  I s :

Jack finished painting . He d i d  not c l e a n  the  p a i n t  brush .

Q: What happened? A: The brush became unabsorbant.

He put the brush into  the p a i n t .

Q: Did the paint dry on the brush? A: No.

Q: Why did Jack put the brush  in the p a i n t ?

A: To prevent the paint frost drying .

The ac tua l input for this is:

( (SS— 1 (PAI NTING JACK!) ;Jack’ s pa in t ing  a c t i v i t y
SS—2 (PERSON JACK!)

(BEFORE (END SS— 1)  NEW—NOW))  ; is  f i n i s h e d .

( (SANE-TIME OLD—NOW (BEGIN S S — 3 ) )  ;Nov he
SS—3 (NOT ;fails to

(CAUSE JACK! ;cause
$ST (NOT SS—4 (STICKY-ON 1 ;the removal of

SOME—PAINT! ;the paint from
PAINT—BRUSH!)))) ;the brush .

SS—5 (PAINT—BRUSH -PAINT—BRUSH!)
SS-6 (PAINT PAINT!)
SS—7 (PAINT SOME—PA INT!)
SS—8 (PART-OF SOME--PAINT ! PAINT!)

(SANE-TIME NEW—NOW (BEGIN SS—4)) )

(ANSWER ( X ) ( W H A T —HA PPENED SS—4 X ) )  ;Q: What happened due
;to SS—4?

( ( SAME—TIME OLD-NOW (BEGIN SS-l0) )  ;Nov
(BEFOR E (END S S — l )  OLD—NOW )

SS—9 (CAUSE ;Jack causes
JACK!

a ~ST SS—lO (LIQUID—IN PA INT—BRUSH1 ;the paint brush to be
PAINT!)) ;in the pain t.

(SANE—TIME NEW-NOW ( BEGIN SS-l0))  )

(ANSWER (X)(W HY JACK! SS-9 X)) ) ;Q: Why did he do it?

H 
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The first line simp ly sets up an instance of the painting frame with JACK1 as

the agent. The time i n f o r m a t i o n  states that the action is f i n i s h e d . (Remember

that Ms. Malaprop only assumes that the center of the action is finished.)

Since p r io r  to th i s  l ine  the re  were no comp lex events , there  is not ing  fu r ther

to be done w i t h  t h i s  l i ne , except  to no te  t h a t  PAINTING is i t s e l f  a complex

even t , and so Is put  on the  con tex t  li s t .

Costing to l ine two , we t r y  to i n t e g r a t e  i t  i n t o  PAINTING. Here there is a

b i t  of ad hocery  in tha t (NOT (CAUS E (NOT X ) ) )  is translated Into X. That is ,

in the present  case the second l i ne  becomes , in e f f e c t  “ the re  was p a i n t  on the

brush ” . Needless to say , th is  does not  c a p t u r e  the f u l l  Impor t  of the or i g inal

in t h a t  i t  does not  suggest tha t the  p a i n t  w i l l  remain  there a l t houg h the

origina l does so suggest. Even worse , Ms. Malapr op treats the revised version

as i f  i t  imp lies the p a i n t  wi l l  s t ay  there . The two mis takes  cancel each o ther

out , but  t h i s  is clearl y a bad portion of the program . It is all comparatively

kl udge f ree  from here on.

So the incoming l ine  is t rea ted  as if i t  read :

(STICKY-ON SOME—-PAINT I PAINT—BRUSH1)

This w i l l  be matched  a g a i n s t  the  s tat m en t s  in PAINT ING , and simp l y on the basis

of the  p r e d i c a te , t h r e e  w i l l  be ronsidered : the command to clean the object ,

the command to get  p a i n t  on the  i n s t r u m e n t , and the command to get paint  o f f

a g a i n .  The f i r s t  w i l l  be e l i m i n a t e d  on t ime grounds but  it would have been

elim inated anyway since SOME—PAINT ! does not match the variable DIRT, and

PAINT—BRUSH ! is a bad ma tch  fo r  OBJECT. The second (get  pa in t  on the brush)  is

also elimin ated ‘n time grounds (given that Jack has finished , onl y statements

a I t c r  the  center  w i l l  be c o n s i der e d ) .  This  l eaves the third . It will match
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because SOME—PAINT! is a GOOD match for PAINT , and PAINT—BRUSH! is a GOOD match

for INSTRUMENT (they both satisfy OBJECT norma l conditions on the v a r i a b l e s ) .

The net effect will be to bind these two PAINTING variables to the story

obj ec ts , and to add the following to SS—4:

SS-4 (STICKY-ON SOME—PAINT ! PAINT-BRUSH!) LEADS—TO : ((PAINTING8 SS—l))

We then mov e on to do read t i m e  i n f e r e n c e .  Here we no te  tha t  SS—4 is in f a c t

the n e g a t i v e  of PA INT IN C8 , and hence represen ts  something we were not  expec t ing .

So Ms. Malapr op tries to find out what will happen. She does th i s  by fo l lowing

the LEADS—TO pointer on PAINTING8.

PA I NT ING8 (NOT (STICKY -ON PA INT INSTRUMENT))
LEADS-TO: ((PAINT-DRY! PAINT-DRY4)

(PAINTING-ABSORB))

(ln section 2 I gave PA INTING8 without the intermediary, but this was only to

simp lify d iscussion.) What the LEADS—TO says is that PAINTING8 leads to the

negation of PAINT—DRY! which via the rule of paint drying can cause PAINT—DRY4,

w h i c h  i n t u r n  matches  the  n e g a t i o n  of PA INTING—ABSORB (the  requirement  tha t  the

instrumen t be absorbent). Or to put this more succinctly, if we clean the

i n s t r u m en t we prevent  the p a i n t  f rom dry ing  on it which  would cause loss of

instrument absorbency.

EVENT : (AND ;If there is paint sticking
PA INT—DRY! (STICKY -ON PAINT OBJECT) ; to an object , and it evap—
PAINT —DR Y2 (EVA PORATION PAINT ) ) ;orates,

CAUSES
(AND ;then the pa in t  will  become
PAINT-DRY3 (PART-O F PA INT OBJECT) ;part of the object , and the
PA INT -DRY4 (NOT (ABSORBA NT O B J E C T ) ) ) ; o b j ec t becomes unabsorbent .

MM . M~iInpr op wants to use this structure to understand what will occur . What

_
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she does is to try to prove that (NOT PA INTING—ABSORB) will occur . The presence

of the intermediaries indicate that she cannot do this directly, bu t must first

prove that the intermediary relation holds , wh ich involves prov i ng that

PAINT—DRY4 will occur . To do this she needs to prove PAINT—DRY! and PA INT—DRY2 .

She already has PAINT—DRYI , that is what s ta r ted  th i s  in the f i r s t  p lace.  She

now tries to prove that the paint will evaporate. This is not in the data base ,

nor is it to be found in PAINTING i t s e l f .  So Ms. Malaprop goes to the

EVAPORATION frame looking for advice. There she finds.

(EVAPORATION (SIMPLE-EVENT )
VARS : (LIQ (LIQU ID LIQ))
EVE NT : EVAP 1 (ATMOSPHER E —CONTACT LIQ)  ;Being in contac t with

CAUSES ;the air causes a

EVAP2 (EVAPORATION LIQ) ;l iquid to evaporate.
IF—NEEDED: ((INFER—FROM EVAP2)))

The IF—NEEDED adv ice is to prove EVAPORATION by proving ATMOSPHERE-CONTACT .

This Is not in the data base either , but in ATMOSPHERE—C ONTACT we f ind :

(ATMOSPHERE-C ONTACT (STATE )
VARS: (OBJ (PHYS-O B OB J) )

(EXT (PHYS -O B EXT))
RELATIONS:

( ATMOSPHERE-CONTACT 1 (PHYS-O B OBJ) ;Things are

IMPLIES SOMETIMES ;ally exposed to
ATMOSPHERE—CONTACT2 (ATMOSPHERE-CONTACT OBJ)) ;the atmosphere.

( (AND ATM OSP !IERE— CONTACT3 (EXTERIOR EXT OBJ) ;The exterior of
ATMOSPHERE-CONTACT4 (ATMOSPH ERE-CONTACT OBJ));something is in

1FF ;contact wi th  the
ATMOSPHERE-CONTACTS (ATMOSPHERE—CONTACT EXT)) ;atmosphere if the

IF—NEEDED: ( ( INFER—FROM AThIO SP }IERE—CONTACT2)) ;obj ec t is.

The I F—NEEDED t e l l s  us to use the first rule , so we do so. This rule simply

requires that VRJ Is a physical oblect , w h i c h  of cou rse , SOME—PAINT I is. (I n

t a u t , g i ven  t h a t  ~BJ is defined as a PHYS-OB, ATMOSPHERE—CONTACT! will always be

- —- ~~,, -. — - —. — - ______ - - -
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true . The reason It is there is because the representation has no facilities

for expressing fac ts excep t as imp lications , something which must eventually be

correc ted.) However , note that this rule is marked SOMETIMES. The procedural

correlate of this Is t ha t  before  we use the rule , the in f e r e n c e r  f i r s t  t r i e s  to

prove (using LOW effort) that PAINT—BRUSH! is not in contac t with the

a tmosphere. This will fail , so we then use rule I and infer (ATMOSPHERE-CONTACT

SOME—PA I N T I ) .  This in t u r n  is used by EVAP I  to I n f e r  (EVAPORATION SOME—PAINT 1),

which in turn is used by PAINT—DRY2, an enables us to prove, as we set out to

do , PA INT—DRY4 . In the course of doing this we will keep track In the data base

how we inferred each fact using COMES—FROM pointers to show the rule used for

inferring a certain fact , and LEADS—TO to show what was deduced from the fact.

The net result of this will be the appearance of the following statements in the

da ta base :

SS—4 (STICKY-ON SOME—PAINT! PAINT—BRUSHI) ;ThIs leads to both the negation
LEADS—TO : (AND ((PAINTING6 SS—l)) ;of the command in PAINTING and

((PAINT—DRY1 SD—!))) ;a pre—requisite of PAINT—DRY.

SD—! (PAINT—DRY SOME—PAINT! PAINT—BRUSHI) ;This statement serves to bind
;the variables in PAINT—DRY.

SD— 2 (EVAPORATION SOME—PA INT 1) ;SD—2 is inferred from the rule
COMES-FROM : ( ( E V A P 2  S D — 2 ) )  ;which inc ludes EVAP2 w i t h  SD—2
LEADS—TO : ((PAINT -DRY2 SD—I)) ;as bind er.

SD— 3 (ATM OSPHERE—C ONTACT SOME-PAINT !)
COMES—FROM : ((ATM C)SPHERE—CONTACT2 SD--I))
LEADS—TO : ((FVAPI SD—2))

SD—4 (NOT (AB SORBANT P A I N T — B R U S H !) )
COMES—FROM ; ((PAINT—DRY4 DS—l))
LEADS—TO : ((PAINTING—A BSORB S S — l ) )

Now we get the question, “What h~ppened ”. (Note that this is given to the

program in the form “what happened due to not cleaning the brush”.) Ms.

Ma l aprop s i m p l y  needs to f o l l o w  the LEADS—TO chain  from SS—l to SD—4 to get the

~1 
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answer.

We first attempt to Integrate SS—9 which is the statement tha t Jack caused

SS—lO (LIQUID—IN PAINT—BRUSHI PAINT!). So we Integrate SS—lO , and find two

matches in PAINTING , one conc erned with getting paint on the brush , the other

w i t h  keeping  a i r  awa y f rom it. By t ime considerations we choose the second ,

PAINTING 7C which appears in:

PAINTTNG7 (NOT (ATMOSPHERE—CONTACT SOME—PAINT))
COMES—FROM : ((ATMOSPHERE—CONTACT 5 ATMOSPHERE—CONTACT4)

(LIQUID—1N4 PAINTING7C (LIQUID—IN INSTRUMENT PAINT)))

This is one of those cases which call for a needed fact inference , in this case

to i n f e r  NOT ATMOSPHERE—CONTACT. Aga in  we have to go through an Intermediary

which s ta tes  tha t  something is in con t ac t  with the atmosphere if and onl y i f  its

exterior Is. Without going throug h all the steps we get:

SS—!O (LIQUID—IN PAINT —BRUSH L P A I N T ! )  ;That  the brush Is  in the pa int
LEADS—TO : (AND ((PA IIN TING7C S S — l )  ; s at i s fle s  the p re requsit e

((LI QUID—IN ! S S — l O ) ) )  ;LIQU ID— IN 1

SD—S (NOT (ATMOSPH ERE— CONTACT P A I N T — B R U S H 1) ; w h i c h  al lows us to i n f e r
COMES—FROM : ( ( L I Q U T D — I N 1~ S S — 1 O ) )  ;no ATMOSPHERE-CONTACT for the
LEADS—TO: ((ATMOSPHERE—CONTACT4 SD—5)) ;brush , wh ich inturn implies

SD—6 (NOT(ATMOS PHERE—CONTACT SOME—PAINTI));the same for the paint .
COMES—FROM: ((ATMOSPHERE—CONTACTS SD—5));(The s i g n i f i c a n c e  of t h i s  LEADS—
LEADS—TO: ((EVAP1 SD—7)) ;—TO will be explained shortly.)

SD—6 however dir ectl y contradicts SD—3 . so we do contradiction read time

In f er e n ce s  to clea r up the problem . We f i r s t  ind icate  tha t SD— 3 is updated .

SD-I (ATMOSPH ERE— CONTACT SO~-1 E — P A I N T l )
COMES-FROM : ((ATMOSPHERE-CONTACT2 SD—3))
LEADS—T0 ((EVAPI SD 2))
ItI’DATED—BY: ((SD—5))

~ 
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However , SD—3 LEADS—TO f u r t h e r  i n f e r e n c e s , so they  too must be up da ted . This

will g ive us:

.4 SD—2 (EVAPORATION SOME—PAINT1) ;Since we inferred EVA PORATION it must
I - COMES—FROM : ((EVAP2 SD—2)) ;be updated . To do this we add

LEADS—TO : ((PAINT—DRY2 SD—I)) ;its negation , SD—i. Also , we must
UPDATED—BY: ((SD—7)) ;now follow the consequences of SD—2.

SD—4 (NOT (AESORBANT PA INT—BRUSH1)) ;wh ich happens to be SD—4.
COMES—FROM : ((PAINT-DRY4 SD—!))
LEADS-TO: ((PAINTING—ABSORB ES—I))
UPDATED—BY: ((SD—8))

SD—7 (NOT (EVAPORATION S O M E — P A I N T I ) ) ; S D — 7  and 8 up d a t e  SD—2 and 4
COMES—FROM : ((EVAP2 SD—6))
LEADS—TO : ((PAINT—DRY2 SD—9)) ;SD—9 Is the negation of PA INT—DRY.

;Ex acrl y how it is inferred is a coin pli—
SD—7 (ABSORBANT PAINT—BRUSHJ) ;catton I would rather Ignore .

COMES—FROM : ((PATNT—DRY4 SD—8))

Note that the COMES—FROM link on SD—7 indicates that it was inferred via th e

rule  w h i c h  inc l udes EVAP2 . This is also the point of the LEADS—TO link on S—6.

Together they s t a t e  tha t  since there is no longer atmosphere contac t , there  is

no longer evaporation .

We now have corr ected our false conclusion . So when the next line comes

in , the question “Did the brush become unabsorbant?” there is no proL-lem in

answering “No”.

7. MA LA PROPISM S

Like virt u al l y all experiment al comprehension systems , Ms. Malaprop is a

ve ry  d e l i c a t e  cr~- tore because  of various problems . We will start wifl pr~~~lems

w i t h  the pr ogram p r o p e r .

____________________   
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7.1 Problems with the Program

Let us consider a few examp les which Ms. Ma lap rop  w i l l  sc rew up, and will

screw up in ways one would never an t i c i p a t e  on the basis of the previous

d iscussion .

Jack was go ing  to p a i n t .  He c l eaned  the  b rush .

Q: Why ? A: In order not to have paint on the brush .

This examp le is espec ia l ly surprising since I claimed . e a rl ier  tha t  I did not

want Ms. Malaprop to be fooled by “Jack was going to paint . He WASHED the

brush .” Indeed , Ms. Malaprop  will work f i n e  on this examp le , but the seem ingly

small  difference between “c l ean ” and “wash” is enoug h to cause havoc .

To understand what is happening we must first know that while “wash” is

repres ented by the frame WASH , “clean ” is repr esen ted by a statement of the form

“cause an unmentioned fluid not to be STICKY-ON the th ing  cleaned ” . This is , to

a firs t approximation , quite reasonable , at least given the representation

assumpt ions  whIch u n d e r l i e  the program . As f a r  as I can te ll  there is no

genera l  knowledge of “cleaning ” to w a r r a n t  a separate  f rame , hence “clean ” is

not a p r e d i c a t e  in i t s  own r ig h t .  “Wash” however is qui te  d i f f e r en t .  To

perform this action we typ i c a l l y get a c l eaning fluid STICKY-ON (and perphaps

ABSORBED—BY) the  ob j ec t  (put  the  c l o t h e s  in the washer and let the water run

In). Frequentl y if the c l e a n i n g  f l u i d  is water we will mix soap with it. Then

we try to bring about homogenity between the cleaning fl u id and the “bad stuff”

on the objec t ... So the d i s t i n c t i o n  between wash and clean Is fine .
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The t r o u b l e  a r i se s  then when we tr y to integrate the  “c lean ” s t a t e m e n t .

(CAUSE JAC KI (NOT (STICKY -ON (OBJECT P A I N T — B R U S H ! ) ) ) ) .

CAUSE s i mpl y says to Integrate NOT STICKY -ON. On the bas i s  of the  p r e d i c a t e

the re  a re  th ree  p o s s i b il i t i e s , the In i ti a l and f i n a l  c l e an ing , and the g e t t i n g

p a i n t  on the b r u s h  In the  ( - en t e r  of PAINTING . We quickly eliminate the final

c l e a n  on the  b a s i s  of time , and the i n i t i a l  c l e a n i n g  s ince  PA INT — BR IJ SH I is not

something one normall y paints . This l eaves PAINTINC4 (getting paint on the

b r u s h) ,  and u n f o r t u n a t e l y t h e r e  I s  .1 m a t c h , s ince  PAINT—BRUSH! is  a very good

INSTRUMENT, and our definition of “clean” leaves the f l u i d  unmentioned , so the

matcher fi gures it might , after all , be pa int! We then l ink the NOT STICKY-ON

statement with PAINTINC4. Of course , it matches the negation of PA TNTING4, but

this only means that a frame expectation was confounded . Then when we ask the

q u e s t i o n  ... Wel l , I am sure you can imag ine  the rest .

Par t  of the  prob l em is one w h i c h  came up e a r l i e r  in - the d i s t i n c t i o n  between

(NOT (cAUSE X)) and (CAUSE (NOT X)). At the moment Ms. Malaprop does not

d i s t i n g u i s h  them . Note t h a t  i f  we had said “Jack was not  ab le  to get  a n y t h i n g

on the brush ”, wc- could reasonabl y interpret this as saying that PAINTING4 was

not achieved . That  i s  to say,  we should count (NOT (CAUSE X)) as confounding

our X pectations , but not (CAUSE (NOT X)). (Actually, things are more

comp l i c a t e d . A b e t t e r  s tat emen t woul d be tha t (NOT (CAUSE X ) )  should be

considered a b e t ter  m a t c h  than (CAUSE (NOT X)).) Another part of the problem is

tha t whenever we say (CAUSE (NOT X)) there is an assumption that X was

previously true . In particular “clean Y” suggests something Is STICKY—ON Y. If

we were able to express and u s e  this fact it woul d also hel p decid ing tha t

l’A flIT I N(;4 Is not a good match since If the PAINT were alread y STICKY—ON

INSTR UMENT , there would be no reason to Invoke PAINTINC4 in the first place .
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Another problem with Ms. Ma !~iprop Is the lack of good facilities for

handling time . Consider the following examp le:

Jack was painting a chair. He di pped the brush Into the paint.

Some time later he finished . He washed the brush .

Q: Was there paint on the brush before Jack washed it? A: No

There are sever al probl ems her e , but they all revolve around the problem of

time . The most immediate problem is that at the present time , when we learn

that Jack washed the brush , Ms. Mal aprop infers (NOT (STICKY-ON PAINT! BRUSH1))

via a needed fact inference. This is fine , but troubles occur when Ms.

Malaprop notes that this contradicts the (STICKY-ON PAINT! BRUSH!) statement

which was Inferred (needed fact again) in line two . Ms. Malaprop assumes that

the former line was never true , and that wt~ simp ly made a mistake in the

in f e r e n c e .  This could be correct , providing we put in the machinery to see if

the two statements arc meant to be true at the same time . This could be done ,

althoug h it will not be simp le to get things so that this examp le would be

consid ered an upda te , while the example of the last section ,

(ATMOSPHERE—CONTACT), would be considered a contradiction.

With this plus a few more correc t ions this examp le could be answered

correctly. But only because the situ ation Is a particularly simp le one .

Malaprop is missing one crucial thing : backup . To see why this is important ,

one only need consider situations where there Is more than one occasion where

paint was on the brush . Ms. Malaprop handles time by adding separate

statements which state that some other statem ent was true at a certain time .

Given this method of h;ind l .’ing time , when we l ook for a STICKY-ON statement we

wil l  Hrst find one of them . We will then see If the time of this one is what

___________ ________________ 
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we wan t, and if it isn ’t we then have to co n s i d e r  a n o t h e r  of the  occa sions .  It

Is t h i s  k ind  of s i t u a t i o n , where we have  no way of Int e ll i gentl y gu iding the

computer to find i ng the right answe r first , tha t backup is useful - Its 1a’k In

Ms. Ma lap rop  is a major  reason why I have not bothe r to improve the time

facilities .

But probably the ma~ cur problem with Ms. Malaprop is that of search. This

became particularl y apparent when I t r i e d  switching to the domain of restaurants

to see to what degree the programs desi gn was i n f l u e n c e d  by the  d o m a i n  of

painting . The results were mixed . However , for the most part the problems were

with the program rather than the representation. (As should become apparent

from the difficul ities I m e n t i o n , I have not run  Ms. M a l ap r o p  on restaurant

s t o r i e s . )  Of these , the two most c r u c i a l  problems where t ime , whi ch we hav e

alread y noted , and search.

The search problem is , in essence , where s h a l l  we go when looking for  f r a m e

statements which match  the i n p u t . I have not discussed the  issue much here , bu t

as should  be c l e a r  f rom the previous discussion , Ms. Malaprop only looks in

c u r r en t l y  a c t i v e  COM PLEX—EVENT f r a m e s . T h i s  worked fo r  p a i n t i n g  given a little

• fined tuning such as a l l o w i n g  ma tches  ag a i n s t  b inde r s  fo r  f rames  po inted to by

LEADS—TO or COMES—FROM pointers , e.g., (LIQUID—IN INSTRUMENT PA INT). Wi th

restaurants however , this will not work unless we are willing to put up with a

very high degree of repeated , non—modular , information (which is , in fact , what

SAIl [11] does). For examp le , consider the story ;

Jock went to a rest aurant. The menu was in chinese .

Q: Did l u ck have any t rouble? A: He did not know what to order.
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To handle this , we would start wIth something like the following piece of the

restaurant frame.

(KNOW AGENT MENU ) COMES—FROM : ( ( R E A D I N C 3 ) )

Plus we would need the following more general f rames :

— 
(READING (SIMPLE-EVENT )

VARS :
EVENT : (AND READINC1 (SEE READER READ)

READINC2 (KNOW-LANGUAGE READER LANGUAGE-OF-READ))
CAUSE

READ IN C3 (KNOW READER R E A D ) )

(KNOW-LANGUAGE (STATE)
VARS :
EVENT: KNOW-L I (KNOW-LANG UAGE AGENT LANGUAGE)

1FF (SOMETIMES)
KNOW-L2 (E~~JAL LANGUAGE ‘ENGLISH) )

(Needless to say~ the s p e c i f i c s  of READING and KNOW—LANGUAGE should not be t aken

serious ly.) To hand le the above examp le , Malapr op should make a need ed fact read

time inference to the effect that the agent will not know the menu . The problem

is t h a t  the input  does not ma tch  a n y t h i n g  In RESTAUR A NT , but  r a the r  the nega t ion

of KNOW—L2, which is two levels below RESTAURANT. Unless we make it a s tandard

prac tice to sear ch subframes of comp lex—even t frames or , as seems more

reasonable , al low f or more “bottom up” kInd s of search this match , and the

consequent needed fac t Inference , w i l l  never be made. (I might note that in a

previous paper (163 1 introduc ed the notion of a “restricted search” in order to

h a n d l e  some of t h e  search prob l ems In  Ms. Malaprop . This was implemented , but

has not proved gen er a l  enoug h and In p a r t i c u l a r  wil l  not handle  the abov e

examp le.) 
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2~i !L~ J~~!! Knowled &c

A second problem with the curr ent program is that some of the knowled ge

encoud ed in the frames is not  r e a l l y  co r r e c t .  By t h i s  I do not mean tha t It is

not scientificall y correct , but rather that it does not corespond to our common

sense understanding of the situa tion. Let me restrict myself to one such

examp le. The reader may have noted some prob l ems in our definition of

PAINT—DRY , which we saw in section 2.3.

(PAINT—DRY (SIMPLE—EVENT )
VARS :
EVENT: (AND ;If there is paint sticking

PAINT—DRY! (STICKY-ON PA INT OBJECT) ;to an object , and I t evap—
PAT N T—DRY2 (EVA PORA TION PAINT ) ) ;orates ,

CA US ES
(AND ;then the paint will become
PAINT—DRY3 (PART-OF PAINT OBJECT) ;par t of the object , and ti.~
PAINT—DRY4 (NOT (ABSORBENT OBJECT)));object becomes unabsorbent.

The f i r s t  t h i n g  which  mig ht  a t t r a c t  your a t t e n t i o n  is that everything except for

EVAPORATION is a state . Why is there this exception . But as soon as one focues

on this part of the rule , it should become clear that as it stands the rule is

i n c o r r e c t .  The pa in t  does not d r y  i f  t he re  is any  amount of evaporation , as the

rule states , but only if the paint comp letel y evaporates away.

A way around this problem , wh ic h would at the same time make things

• uniformaly states , would he to rep lace EVA PORATION which a statement which says,

In effe ct , tha t the p a i n t  mus t he evaporated away (a state). The only reason I

did not do this is that the best way to state this is by no means obvious , and

the extra work would not show a n y  im e d i at e  p a y o f f .  A f i r s t  approximat ion  woul d

be to s t a t e  tha t  the volume of the p a int should be reduced to zero. The problem

here is th a t i t  t~,nores the volume of the paint residue . One might then say

f l i t  paint consists of a l i q u i d  p a r t  and n so lid part . and the condition Is that 
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the volum e of the l i q u i d  p a r t  should  be reduced to zero. Or should we say that

the liquid part simp ly ceases to exist . Or should we veiw paint as simp ly a

liquid , wh ich , under the appropriate circumstances turns Into a sol id? In this

• case the the condition in PAINT—DRY should be that the paint is a solid .

Furthermore , what are the conditions under which the liquid par t goes awa y or

the paint becomes a solid? Well it mus t be exposed long enough to the air and

hence evaporate. But how long is long enoug h? Well , it depends on the volum e

of liquid and the circulation of air , and the temperature. How much on each?

What are the constants of perporti onal ity ? But do people even know these

things? I would doub t it , but how do we do without them?

Surely all of these questions have answers , and the answers may eve n be

expressable within the frame representation given here . But there is a lot of

work to be done .

7.3 Problems with the Frame Representation

There are some ma jo r  gaps In  the f r ame  r ep re sen t a t i on  as it c u r r e n t l y

stands. Two of these have to do with “having” and “location ”. Consider :

Jack had to do some painting . He did not have paint.

Q: Could Jack do the pain t Ing?

This example cannot be represented for several reasons. For example Ms.

Malaprop does not have any way to represent “had to” or “could” . These however

arc’ tough prob l ems for everybody. That I eurrr’ntl y have no way to represent

“not having ” :;r’metiulng is more unusual. To understand the problem we must

rea l i z,’ tha t Ms. Malaprop handles “have” in an unusua l , but I think reasonable

—— 
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way.

It has long been noted tha t the “have ” r e l a t i o n  “ I have a penc i l ” is very

differen t than in “I have a TV set”. Typicall y th is is  under stood as an

ambiguity in “have”. The problem (but I do not care to argue this point fully)

Is tha t  under t h i s  v iew the number  of pos s ib l e  “meanings ” of “have” is

ex t r ao rd i n a r i l y  l a r g e .  The typ ica l  “s o l u t i o n ” of “ho ld”  vs. “own ” is not

suf f I c ien t , and to say that “have” can also mean “c o n t r o l ”  is to s u b s t i t u t e  one

amb iguous word for another. Ms. Malaprop ’s approach is to treat “PERSON HAS

THING” as usually indicating that THING serves as a b i n d i n g  fo r  a va ri ab le  in

some complex event frame in which PERSON par tici pates. (To flesh this out we

will have to re ta in OWN, as well as allow RAVE to serve as an ambiguous but

p r i m i t i v e  predica te  in the system so that it will be possib le to learn only

later the intended use.) In this way we can understand the particulars of the

HAVE rela tion on the basis of what is required in the complex event frame , be it

“hold” or “be in the proximity of”  or whatever .  Fur thermore  we can now do

without the HAVE prerequisites which peop le are always putt ing in fron t of every

action . These have always bothered me , since I never was sure what HAVE was

suppose to mean in these cases (and usuall y ft varied from case to case). Now

all of these HA VE S are replaced by a rather obvious convention on frames. To do

an ac t ion in a f r ame , all of the variables mentioned in the action must be

bound .

The trouble here is how do we represent “not have”. Well, the obvious

thing will be “some variable in some complex event frame cannot be bound”. Note

that simp ly saying tha t a variable is not bound is not sufficient, since Ms.

Ma laprop ’s norm. il renvention when find ing an unbound variable is to assume that

i i  :~lory tell er has simp ly forgotten to mention the binding object. This Is a

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _  
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good assumpi ton , but it means i ha i W4 need some way to say “this variabl e Is

unb i ndab le, at least at the current t ime ”. So we can invent a pred icate

UNBINDABLE , but imp lementing the machinery to make use of it will be a non

trivial task.

A similar problem to tha t of “hav e” is illustrated in the following

examp le.

Jack was painting . He dipped the brush In the paint .

Q: Where is the brush .

As with “not have” , Ms. Malaprop currently has no way to represent “where”

ques t ions , and again the cause is an pecul i a r i t y  of the  r e p r e s e n t a t i o n , thoug h

possibl y a good one. Ms . Malaprop does not  c u r r e n t l y have the concept  of a

“location ”. One can assert various l oca t ive  s tatements , such as L I Q U I D — I N , or

CONTACT but there is no concept of AT, in the sense of (AT OBJECT LOCATION)

where LOCATION is an entitiy describing the patch of space being taken up by

OBJECT. This makes Is d ifficult to compare various spacia] predica tes (as we

would want to do in noting a change of position) and also makes it d fficult to

represen t  “where” q u e s t i o n s .  One way around this problem is to introduc e AT,

but u t i l i z e  i t  as a p o i n t e r  to the most s p e c i f i c  In f o r m a t i o n  we have about

location . Note the similarity here to the problem of ISA described in section

5.4 . There I suggested the  need f o r  a po in te r  to the most s p e c i f i c  object

Information about a given object . Aga in , however , the status of these pointers

is unclea r at the current time .

So far we have looked al sit u ations where the frame representation has made

I t  d I f i - ’ i l t  to express a p a r t i c u l a r  concept .  Now let us consider  some more

general problems . One difficulty which th~ reader has no doub t noted on his

_ _ _ _ _ _ _
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own , is that the use of COMES—FROM and LEADS—TO pointers to Individua l frame

statements makes it quite difficul t to write (or read ) frames since they are

constantly referring to the details of many other frames. Indeed , to some

degree this defeats the modularity I seek. I think that with some clevar

programming, this could be eliminated in PAINTING , by referring instead to the

frame in which the statement appears and then  making use of the  ma tch ing

c o n s t r a i n t  to i n s u r e  t h a t  the  correc t t a r g e t  st a t e m e n t  is located .

This may indeed prove to be the solution , but it is not  obvious tha t  i t

will work. Consid er one of the schemes I wa-s thinking about for use in the

restrauran t frames . The idea is t h a t  RESTAURANT w i l l  not be represented by a

sing le frame . Instead there w i l l  be one frame (a COMPLEX—EVENT, na turally)

w h i c h  w i l l  include the knowledge of how one ac ts the  pa r t  of the c ust o r mer .

There  w i l l  be a second for the waiter , and perphaps others . The frames (I only

in d i c a t e  two here ) are then in t e r c o n n e c ted  w i t h  LFf ~DS—T O and COMES— FROM

pointers .

RF.STA URANTINC (COMPLEX-EVENT) WAITER ING (COMPLEX—EVENT)
VARS : ... VARS :

EVENT : ( I N  AGENT RESTAURANT ) EVE NT : (ON DISHES TABLE )
(SEATED AGENT) (AT MENU CLIENT)
(AT MENU AGENT ) (AT WAITER CLIENT )

COMES—FROM : (TELL CLIENT WAITER CHOICE)
(AT SERVER AGENT) COMES-FROM :
COMFS—FROM : (TELL WAITER COOK CHOICE)

(TELL AGENT SERVER CHOICE) (GET-FROM WAITER FOOD COOK)

(AT FOOD TABLE ) (AT FOOD TABLE)
COMES—FROM : (EAT CLIENT FOOD )

(EAT AGENT FOOD) COMES-FROM :
(AT B I L L  AGENT ) (AT BILL CLIENT )
COMES-FROM : (ON TIP TABLE)

(ON TIP TABLE) COMES—FROM :
(PICK-UP WAITER TIP)

(NOT (ON DISHES TABLE))

This Is very schematized , and the particulars are not to be taken seriously, but 

~~~~ - . .
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the  general  idea of s e p a r a t i n g  the  two processes seems quite plausible to me .

However , given the comp lexity of the interaction , I have doubts that the

LEADS—TO and COMES—FROM links can simp l y refer to , say , the WAITERING frame. It

would seem that they would have to single out the particular line . On the other

hand , perhaps such comp lex interact ion between frames is a bad idea . At any

rate It is something to think about .

Another problem with the representation Is the use of intermediaries. They

were Introduced in order to allow a COMES—FROM or LEADS —TO po in te r  to some thing

which was not a dire-ct match , but which could be made to match by app lying some

rule. An unfortunate side effect has been to introduce a new, and unwanted

degree of f reedom in the construction of frames . For example , do we want the

command to clean the instrumen t to lead to PAINT—DRY , or instead to lead to NOT

ABSORBANT , us ing  PAINT —DRY as an i n t e r m e d i a r y .  The formalism says nothing about

this. Instead the decision has been made on the ad hoc level of the results we

will get when we ask “why should one wash the brush” . Given my earlier comments

about the need for a more sophisticated question answering section anyway, this

is hardl y good grounds for the decision .

One possible sol utIon would be to eliminate intermediarie s. However my

current experienc e suggests that this is not p r a c t i c a l . More reasonable would

be to place a restriction of one i n t e r m e di a r y  per COMES—FROM or LEADS—TO

pointer . One beneficial effect would be to eliminate cases where the use of

In termed iaries has gotten out of hand through the use of long chains of them .

(Out of e mbarasmen t I have avoided showing any of these situations.) On the

other hand , this restriction would not solve the problem mentioned in the last

par agraph. That rus t wait for more and better restrictions on the formalism .

i t

_ _ _ _ _ _ _ _ _ _  
_ _ _ _ _ _ _ _ _  
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8 CONCLUSION

The last section dIscussed some of the problems with the program. Let me

conc lude  on a more up beat  n o t e .

Basic all y I see Ms. Malapr op in two ways . When viewed as a program ,

separate from the frame representation It uses , Ms. Malaprop is a working

examp le  of s eve ra l  Ideas  w h i c h  ire  c u r r e n t  In the  AT l i t e r a t u r e :  the  f r a m e

r e c o g n i t i o n  h y p o t h e s i s , d e f a u l t  va lue s In the ma tch ing proc ess , con trolled read

t ime  i n f e r e n c e , dependency r e l a t i o n s  to undo fa l s e  conclus ions , etc . But as I

see i t , the p r imary  impor tance  of the program is the f r a m e  r ep re sen t a t i on  it

uses .  The f r a m e  r e p r e s e n t a t i o n  used here , w h i l e  having I t s  problems , is f a i r l y

succes s fu l  in te rms of the goals set out  at  the b e g i n n i n g  of th i s  paper .

Modular-itv~ Probably the major force 4n the design of the frame

r e p r e s e n t a t i o n  Is  the  goal of m o d u l a r i t y .  The r e s t r i c t i o n  t h a t  comp lex events

canno t  c o n t a i n  causa l  r e l a t i o n s  was i n s t i t u t e d  solel y to push the user i n t o  the

diff icult process of dec iding what the basic cause and effect relations are , and

express ing them in the most genera l  form possible .  Adjunc t  f rames  also

fac ilitate modularity by allowing special ways of doing things to be separated

fr om the general c ase, wh ile s till allowing the spec ial cases to make use of the

genera] information . TIlls of course , Is jus t inheritance of properties. What

makes adjunct frames unusual is the deg ree to which they can modify the

p articulars of the m a s t e r  frame.

W o r l d ~j  vs coi t~~ knowli d~ o. Ti i t’ f r am e  r e p r e s e n t a t i o n  keeps a f a i r l y

cl ,~ :I r sepri rat ha, luetween the facts it knows and information about how these

f~ i i - r ’ ~ ,~ re to  be used in particul ar cases. Most of each frame consists of the

_____  — 
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b a s i c  f a c t s .  The knowlc ’d pi 1)1 1 , 5 4 1 ’ ( f I l l , 1 1 1 1 1  - t  r 11W t I l l  (~~~~ O ~o r e a d i l y ,  h i l t  i t  is

:i1 54(1 t lien’ — ‘ru e mo st  cihv tot,s: f If : ~ t -  I ‘~ lu I i” — - N EI - ~llI- Ii . - t i ons  of hs’ I ram~-~ —

The COMES—FROM and LEAD S — Ti) p o i n t  i r s- ; ; i ) 5 4 i  spe - I f y -ont m l  In  t h e  sense t h a t  they

not only point out what o t h e r  m u  or even t  comes i n t o  p l a y ,  bu t  a l so  spec i f y

whether th is event is a reason (LEADS—TO), or if Instead i t  is there to achieve

a goa l (COMES—FROM). In the latt e r case the p o i n t e r  also indicates which result

of the action is the one we are Interested in.

C l e a n l i n e s s .  Throughout the descri pti on of the representation I have

endevored to keep the represent at Ion c l e a n  by spec I f y i n g  ex a c t l y what  m ay and

may not  go I n t o  t h e  r ep r e s e n t a t i o n . COM ES—FROM and LEADS —TO point ers must link

mat ching stat 1-ment s , and  I f  they don ’t t lien interned 1.-ir fes must be g I v e n  wh Icli

spec fl y h ow a match is to he brought about . Comp lex event frames may no t

directly specif y cause and  e f f e ct  r e l a t i o n s , w h i l e  s imp le  even ts  may onl y

spec i f y one .  A comp lex event  may  onl y ;n d i c a t e  w h a t  we wish to happen , and not

anything whIch might happen at the same time , such as mistakes. The use of

arbitrary LISP programs has been severel y reduced . As indicated in section 5,

all but one of the occasions where t h ey  c u r r e n t l y appear  w i l l  be el i m i n a t e d  b y

further refinemen ts of the program , either improved question answering

I a - I l  I t  Ics , or by m;’ki ng i n t o  r t ’p r l ’ s en t a t  I n n  p r i m i t i v e s  those w h i c h  seem

i n e x t r i c a b l y  L i S P i s h i  (e . g . , E Q U A l . ) .  F i n i l y ,  t he r e s t r i c t i o n  t h a t  a l l

p r i d I r . i t  i’s are f r  mea h i s :  ~i ishied i ii , ’ s e m a n t i c  r ep r e sen t a t  Ion I n t o  a few u n u s u a l ,

hut I fu nk in t.- r e st fog d i n c  I ions; most not ireab I y the  e l i m i n a t i o n  of ISA ,

HA VE , and AT. Admitted l y 1 noted some problems related to their absence , but

these prob lem s are oil S-; whu I t ’ l l  p r t ’v  foI lS syste ms  pape red over by the use of

pr.’d Ic .. t t u ’ s whoes me;In I ng w:is: iii - I I  : 1 - .
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P r o b l e m  so~yjn . E ar l y on we noted tha t the representation of PAINTING was

w h o l l y  in  t erm s  of states to be a c he i v e d , r a t h e r  t h a n  a c t i o n s  to  be p er f o r m e d .

The idea  here  I s  t h a t  s i nc e  t h e  b a s i c  l o g i c  of PAINTING , as w e l l  as most  o t h e r

- .. goa l d i r e c t e d  a c t i v i t i e s  is in t er m s  of goa l s t a t e s  and subgoal states , ft w o u l d

be easier t i  (-onner t our kno we dge  of PA INT INC t o  proh l em so] v i n g  prog rams i f

PA i N’!’ INC wer e  i t s e l f  r l ’p r l ’s t ’n t e d  In that fo r m  - Fur thu ’ m ore , by k e e p i n g  t r a c k  of

wh y t h u  I n g s  are done ( v i a  t h e  C O M L S—FR O M and LEADS—TO l i n k s ) we have the

i n f o r m a t i o n  fleci’sS;Iry to handle l i n u l s i l i  I ~-ases. F i n a l  l y ,  b ecaus ’ of t h e  e n f o r c e d

m o d u l ; r l t y ,  we not  on l y have  available the standard ways of doing things , but

the mor e  b a s i c  cause and e f f e  I r( ’ l r *t i ons  w h i c h  would  be needed shou ld  the

s t a n d a r d  ways b r eak  down . Of course , Ms.  M a t  ap rop  does no t  have the m e c h a n i s m s

to use t h i s  i n f o r m a t i o n  in prob l em s o l v i n g , suc h as proper Indexing of ways to

do t h i n g s , or sub goal p r ot ec  I ion . it  I s  an open quest Ion whe ther  such t h i n g s

a re  even needed f o r  s t o r y  c o m p r e h e n s i o n -  But what does seem c l e a r  i s  th~’t t he

b a s i c  s t r a t a  of common sense i n f o r m a t i o n  can  be r ep re sen ted  so t h a t  i t  can be

used i n both a rt  I v i t i e s .
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Mc Dermot t - 1 would a 1 so Ilk , ’ to t hank l);i ye  B ar  st o w , La m my H i m b a  tu rn , .h’ r r y

lIe long 
* and I)rew Mc D e r m o t t  who read and c’~~t ens lv i ’ I y co m m e n t  i’d an ea r l  i e r v er s i on

of t h i s  paper. The Yale A . I. Pro l e t  t is  f un d e d  In p a r t  by t h e  Advanced

Resea rch  P r o j e c t s  Agency  of t h e  D e p a r t m e n t  cif Defense and m o n i t o r e d  u n d e r  the

0 l i c e  of Nav a l  Research t ind er  con t  r ae  t N 000 I 4 — 7 5 — C — I l l  I .

REFERENCES

I.  M i n s k y ,  M. , A f r a m e w o r k  f o r  r e p r e s e n t i n g  knowle dpe , i n :  P. H . W i n s t o n ,

ed., The Ps~~~~~~ o~ y of Cornp!~~er Vision (McGraw--Hill, New York , 1975).

2. Scha nk , R. , and Abelson , R. , Script~~ P la n s ,  Goals  and U n d e r s t a n d i n g

(Lawrence Erlbaum Associates , Inc. Hlll sda lc , New Jersey , 1977).

3. Bobrow , D. C., and W inograd , T., A knowled ge representation language ,

Cognjtlve Scf~~ ce . 1 , 1 , (January 1977) 1—46. -

4.  Uayes , P. J . ,  Some a s s o c i a t i o n — b a s e d  t e c h n i q u e s  for lex ical disamblguation

by machine , TR25 , Computer Science Departmen t , The University or Ro ches ter

(June’ 1977).

5. R i  eger , C. , The common SI’ OSt’ a I gor i i  hum ;is a has Is f o r  compute r  models  of

h u m a n  ma ’mi,r y, n : H. Sc Ii:i ok :1 st i l  i I .  I.. Na sh— -W ebh er  ed s. , ~~oceed i~ g~ of

t Ii.’ Conference on Th.’o ra’tica I l a s i i a ’ s  In Nat tin I Lnm_~~a~~ Processing, (1975).

I .  W I I k s , V . , Na ttu ral language inferenc e , A IM— 2 11 , Stanford Ar t if ic ial

I n t e l  I tgenc e Laboratory (August , 1973).

7. Charn I n k , F . , A , im a ’d I’A I N T I N C :  t h e  r ep r esen t a t  ion of a common sense

l . ; c ’ . l ~ - t gi ’ f r a g m e n t  . Journa l of Cngnitfve Sc -tence, 1 , 4, (October 1977)

_____  - .~~~— — — 

~

-
.
. - - . - . ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

..
~ 



Page 65

3 5 5— ’395 .

Hew i t t  
* 

C. • Desc m l pt ion and t lueci ret Ic tI anal ys I s  ( u s I n g  si’ heniat a )  of

P l A N N E R , TR-258, M.I .T. A.!. Lab , 1 972.

9. Kow.u i skl 
* 

H. , Predicate logic as programming language ’, Memo 70, Univers ity

of Ed in burg h De’p;u r t m en t a f Compu t a t lanai Logic 
* 

1 973 .

10. Chia rn la k , I- ., Orgrunfz:;t Ion and Infecence In a frame like system of common

se’Fts (’ kn owl edge , i n :  H .  S c h i a n k  and B . L. Nash—Wc’bber eds., Proceed ing~

of the Coiuh cre ’n ce on Titeore  I I c  ; u l  l~~suos in Natura l Lang~~~~ Processing,

( 1 9 7 5 ) .

I I . Cii I I i n  g f o r d  * 
R. 

* 
Sc m l p t app ! t en t ion  : comput . er unders t and I ng of newspape r

sto m l os , Ru’u;u’a mcii Re’por t I 16 , Y;I I e tin I va’rs It y I)epa r tmen t of Compu te r

Sc h e n c e , (.Iantia ry I 97~

12. ( :h ;ir r ~ l ;u k , F . , Inferenca’ and knowlegc’ I , I n :  E. C h a r n i a k  and Y. W l l k s  eds.

Corn t a r l o n a l Semnntlcs , (North Holland , Amsterdam , 1976).

13 . Doyle , J., Truth maintenance systems for problem solving , TR—419 , M.I.T.

A.I. Lab , (1977).

14. Mc Dermott , D. Flexibility and efficiency in a computer program for

des i gning circuits , TR—402, M.I.T. A.I. Lab , (June 1977).

15. lA’hnert , W. , The process of quest ion answering , Research Report 88, Yale

Univ ersit y Departm ent of Compu te r  Sc ience , (Ma y 1 9 7 7 ) .

16 . CIt - i  m n I n k  , I - ’ . , Ii:. . Ma 1 apr op. - u I ;ing uuage comprehension program , in

P r o i ’ a ’ a 1 f i i ~~ s; i t  i i i ’  ~~t ii loto çuat lanai , J o i n t  C o n [e ’r en e e’ on Artificial

I itt a ’ I l  I gI ncl , ( 1 9 1 1 ) .

V t
I 

a, — — — 

‘ 
— 

-~ __~~~~ j ’~ 
-



Page 66

APPENDIX
(PAINTING (COMPLEX—EVENT )

VARS : (AGENT (ANIMATE AGENT))
(OBJECT (SOLID OBJE C T))
(PAINT (LIQUID PAINT )

NORMAL: (PAINT PA I NT ))
(SOME-PAINT (AND (LIQUID SOME-PA INT )

(PART-OF SOME—PAINT PAINT )))
( SOME-PAINT — VOL (VOLUM E SUM F—PA TNT—VOL S O M E — P A I N T ) )
(INSTRUMENT (SOLID INSTRUMENT )
NORMA!,: PAl NT INC--BRIISII (PAINT-BRUSH INSTRUMENT)

PAINTIN C—R OI ,iFR (ROI,I,I’R INSTNtJMENT )
PA IN’!’ I N ( :— A B SOR B ( AI I S OR RANT I NSTR I!M F N T ) )

( D1 R’r ( D I R T  D I R T ) )
(PAPER ( S O L I D  PAP E R ) NORMAL:  (NEWSPA PER PA P E R ) )

COAL: PAl NT 1 NC —C OAL (EXT ER I OR PA I NT () R. JE CT)
COMES—FROM : ((via Interm ediar ies) (PAINTINGS))

EVENT : P A I N T I N G ! (NOT (STICKY—ON DIRT OB J E C T ) )
COMES-FROM : ( ( W A S H - C O A l . ) )
LEADS—TO : ((FLAKINCI))

PAIN TI N C 2 (UNDER PAPER OBJECT)
PA IN T I N C 3
(LOOP PAINT TNG4 (STICKY-ON PAINT INSTRUMENT)

COMES—FROM : ((LIQUTD—1N2 PA TNTINC4C
(LIQUID—IN INSTRUMENT PAINT)))

PAINT I NC 5 (CONTACT INSTRUM ENT OBJECT)
PAINT INC6 (THRESIUIOL11 -UNDER SOME—PAINT—VOL)
LEADS —TO : ((DRIPI))

;Make  sure  t h e re  I s  not  too much paint on the Instrument .

PAINT INC 7 (NOT (ATMOS PHERE-CONTACT SOM E—PAINT))
;Until the Instrumen t Is t ’ l c a n e d , keep the paint on it out of the air.

COMES--FROM : ((ATMOSP h ERE—CONTACT S A TM O SPHFR E—C ONTACT4)
; I f  WI’ keep INSTR UMENT out , then anything on it will
he out of the ‘i I r a 1 so,

4 (LIQIJID—1N4 PAENTTNC7C (LIQUID—IN INSTRUMENT PA INT)))

;so keep INSTRUMENT In the paint.
PATNT I NCR (NOT (STICKY-ON SOME-PA INT INSTRUMENT))
COMES-FROM : (AN!) ((WIPE-COAL PAINTING8C (WIPE INSTRUM ENT PAPER)))

;Clea n INSTRUMENT by wipeing and washing .

• , ( ( W A S H - C O A L ) ) )
LEADS—TO: ((PAINT--DRY ! PAINT—DRY4)(PAINTINC-ABSORB)) )

“I 
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